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INTRODUCTION 


Advanced Micro Devices is pleased to introduce the CMOS versions of the 
80186/80188 16-bit embedded processors. These devices offer features new to the 
80186/80188 family, including a DRAM refresh control unit and a power-save mode. 


The powerful architecture, integrated peripherals, established 80186/80188 soft- 
ware base, and the readily available third-party hardware and software support have 
made the 80C186 and 80C188 industry standards. The emulator, software, and 
hardware information contained in this publication will provide you with valuable sup- 
port tools you need for designing with these devices. 


The 800186 and 80C188 devices lend themselves to a wide diversity of applications, 
including PABX systems, ISDN-terminal adapters, linecards, cellular telephones, fax 
equipment, modems, medical equipment, disk drives, and low-end printers. 


AMD is prepared to serve your needs for these devices. If you need more information 
on these or any other AMD product, contact your local AMD sales office. Remember, 
our partnership helps you gain and keep the competitive edge. We are not your 
competition. 


ds ee iy oe yan 


Subodh Toprani 
Director of Marketing 
Embedded Processor Division 


AMD's Marketing Communications Department specifies environmentally sound 
agricultural inks and recycled papers, making this book highly recyclable. 
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DISTINCTIVE CHARACTERISTICS 
m Operation Modes Include: 
— Enhanced mode which has 
e DRAM Refresh Control Unit 


e Power-save mode 
e Direct interface to new numerics coprocessor 


—Compatible Mode 


e NMOS 80186 pin-for-pin replacement for 
non-numerics applications 


mu Integrated Feature Set 
—Enhanced 80C86/C88 CPU 
—Clock generator 
—Two independent DMA channels 
—Programmable interrupt controller 
—Three programmable 16-bit timers 
—Dynamic RAM refresh control unit 
e Programmable memory and peripheral chip 
select logic 
—Programmable wait-state generator 
—Local bus controller 
—Power-save mode 


—System-level testing support (high-impedance 
test mode) 


GENERAL DESCRIPTION 


The 800186 is a CMOS high-integration microproces- 
sor. It has features that are new to the 80186 family, 
which include a DRAM refresh control unit, power-save 
mode, and a direct numeric interface. When used in 
“compatible” mode, the 80C186 is 100% pin-for-pin 
compatible with the NMOS 80186 (except for 8087 


@ Available in 20-MHz (80C186-20), 16-MHz 
(80C186-16), 12.5-MHz (80C 186-12), and 10-MHz 
(80C186) versions 

Direct addressing capability to 1-Mb of memory 
and 64-kb I/O 


@ Fully static CMOS design 


Completely object code compatible with all 
existing 8086/8088 software and also has ten 
additional instructions over 8086/8088 

m Complete system development 


—There are many vendors making support tools 
for the 80C186. Software tools for the NMOS 
80186 can be used for the 80C186 as can the 
NMOS emulators 

B High-performance numeric coprocessing 
capability through 80C187 interface 


m Available in: 
—68-Pin Plastic Leaded Chip Carrier (PLCC) 


—80-Pin Plastic Quad Flat Pack (PQFP) 


e In TapePak™ and Trimmed/Formed 
Configurations 


applications). The Enhanced mode of operation allows 
the full feature set of the 80C186 to be used. The 
80C186 is upward compatible with 8086 and 8088 
software and fully compatible with 80186 and 80188 
software. 


Publication #: 16452 Rev. A Amendment /0 
Issue Date: November 1991 
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Programmable DMA Control 
Timers Unit 
Vv i) 1 2 ¢) 1 
7 Max Count 20-Bit 
Clock Programmable RegisterB f's Source Pointers 
Generator Interrupt Max Count 20-Bit 
GND Controller Register A Destination Pointers 
16-Bit 16-Bit 
Count Registers Count Registers 
Control Registers Control Registers 
SRDY Upon tina 
Refresh | | Execution Unit Control BOSE) 
ARDY Bits , | Registers At 
n ’ 
So Cc) 16-Bit ! 
= 
Pane ne General : 

DTA Segment Registers} Chip Select PUSS. 
| Bus Interface Control Unit AQ Se 
ee 6-Byte 

LOGK 7 Prefetch : 
‘ 
MCSO0/PEREQ 
HOLD ALE/QSO TEST/BUSY PCS4—-PCSO 
Z_ MCS1/ERROR 
HLDA RES RD/QSMD ccs 
AD15~ADO RESET WR/OS1 McSa/NPS | UGS 
A19/S6-A16/S3 BHE MCS2 
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CONNECTION DIAGRAMS 


AD15 
AD7 
AD14 
AD6 
AD13 
ADS 
AD12 
AD4 
Vec 
AD11 
AD3 
AD10 
AD2 
AD9 
AD1 
AD8 
ADO 
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68-Pin Plastic Leaded Chip Carrier 


(PL 068) 

So b 

nna 
DABD Ggo o> 
gbesbepy 3 CAB aig 
£22 P23cgtd tpi 
a | it | a TEC Et I 
8583 Sooaabow 
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ororo _ 
$g2 25 BB SERPS SEB 
oofeoo’ | a 13 |B 
==era O jO 
Frss 
FF 


Note: Pin 1 is marked for orientation purposes. 
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Veo 
INT2/INTAO 
INTS/ANTAT 
DTA 
DEN 

MCSO 
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CONNECTION DIAGRAMS (continued) 








80-Pin Plastic Quad Flat Pack’ 
(PQJ 80/PQR 80) 
nro2ude =m2aoronw 
2299299 989292999 
OOOO OOnOOOo ooo 
SLLSRLKFRNELGSBSESB 
AD15 1e ADO 
N/C 2 N/CG 
A16/S3 3 N/C 
A17/S4 4 DRQO 
A18/S5 5 DRQ1 
A19/S6 6 TMR INO 
BHE 7 TMR IN1 
WROQS!1 8 TMR OUTO 
ROVQSMD 9 TMR OUT1 
ALE/QSO RES 
N/C PCSO 
Ves Vss 
Ves CS1 
N/G PCS2 
N/C PCS3 
x1 PCS4 
X2 PCSS/A1 
RESET PCS&/A2 
CLKOUT tcs 
ARDY Ucs 
S2 N/G 
st N/C 
so MCS3NPS 
N/C MCcS2 





RROR 


MCSO/PEREQ 


MCS1 


INTISELECT [j 32 
N 
INT3ANTAT/ARQ [] 36 


Notes: 1. Available in Timmed and Formed (PQJ 80) and TapePak (PQR 80) packages. 
2. Pin 1 is marked for orientation purposes only. 
3. N/C = Not connected. 
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PIN DESIGNATIONS (sorted by Pin Name) 


|_Pin Number _| 

[raname [tee at 
65 6 
66 5 


A19/S6 
O, HA(Z), R(Z) 












A18/S5 
A17/S4 
Ai6/S3 







VO, S(L), HA(Z), R(Z) 





O, HA(0), R(0) 









1, A(L) 
7 O, HA(Z), R(Z) 
| 19 | O,HA(A),R(A) | 
| 38 | OHA), RI 


orao,oRGY | ia,19[e1,60] 4s) 
fom «| 40 | a7 | OMAZ.RQ 
a 
PHDA___|_s1_| 25 | OHA, RO) 
INTUSECECT 
NTaINTAD | 42 | 95 _|V, AE, U), HAD, RD 
INTAINTATARG | 41 | 98 VO, ACE, 0, HAX), RZ) 
feoss| aa | 46 | VO,HAID, PU) 
feock | 48 [| 28 | 0, Hag, R(PU) 









— 










[Pin Number —| 
| soit Spipcee rare 


TeSaPEREG | 38 | a9 O,HA(), APU) 
cse__—_-| 36 | 41] 0, HA), PU), 
Ta —-| 4s {30 | se) 
feoswar___| 31 _| 48 | 0, RAD, RD) 


30 49 
29 50 
28 51 O, HA(1), R(1) 
27 52 
25 54 


PCSO 
|RDGSMD | e2_ | 9 (VO, HAZ), R(PU) 
a ee 
































RESET | 7 | 18 | O HAA) 
O, HA(Z), R(Z) 
SRDY I S(L) 
TEST/BUSY I, R(PU) 
TMR INO 

wane | | | 1S 





TMR OUTO 57 
tumours | 3 |_| O-HA.ROy 


UGS | 34 | 45 — (VO, HA(1), R(PU) 


jucs | 
33 

a ie 
73 

jwrisi | 63 {| 8 | (OHA), REZ) | 

» Tet ey 
53 

i ea (ea ee ae 

as i ae ae 










On PQFP package the following pins are N/C (No Connect): 2, 11, 14, 15, 24, 43, 44, 62, and 63. 


Key to Pin Description Codes 





pt | inputony 
| O | OutputOnly 


Synchronous: Setup and Hold times must 
be met for proper operation. 

S(E) = Edge Sensitive 

S(L) = Level Sensitive 
Asynchronous: Setup and Hold times guarantee 
signal recognition by the processor. 

A(E) = Edge Sensitive 

A(L) = Level Sensitive 






















Description 


Hold Acknowledge: Pin state while processor 
is in the Hold Acknowledge state. 

HA(1) = Internally driven to Vee 

HA(0) = Internally driven to Vss 

HA(Z) = Internally floated 

HA(A) = Remains active 

HA(X) = Retains current state 


Reset: Pin state while the processor's RES 
line is held Low externally. 
_ R(1)=Internally driven to Vee 

R(0)= Internally driven to Vss 

R(Z) = Internally floated 

R(PU) = Weak intemal pull-up 

R(PD) = Weak internal pull-down 





80C186 7 


BA suo PRELIMINARY 


ORDERING INFORMATION 


Commodity Products 


AMD® commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


tL PQFP OPTION 





N 80C186 —-12 


M = TapePak 
Blank = Trimmed and Formed 
SPEED OPTION 
Blank = 10 MHz 
-12 = 12.5 MHz 
-16 = 16 MHz 
~-20 = 20MHz 


DEVICE NUMBER/DESCRIPTION 


800186 
CMOS High-Integration 16-Bit Microprocessor 


PACKAGE TYPE 


N= 68-Pin Plastic Leaded Chip Carrier (PL 068) 
S = 80-Pin Plastic Quad Flat Pack (PQJ 80, PQR 80) 


TEMPERATURE RANGE 
| = Industrial (40°C to +85°C) 
Blank = Commercial (0°C to +70°C) 






Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations. 


Be 


PQFP 
TapePak 








$80C0186 


PQFP $80C186-12 
Trimmed 
and'Formed $80C186-16 





TapePak is a plastic package technology that consists of a PQFP surrounded by an external plastic carrier ring. This ring holds 
the unformed leads together during testing and shipping. The customer does the lead trim and form operation prior to board 
installation at whatever standoff, Jead length, or angle desired. 


The TapePak is the PQFP configuration recommended by AMD because it virtually eliminates lead coplanarity problems 
since lead trim and form is performed immediately prior to board population. Also, the coin-stack tubes that TapePak comes in 
simplify incoming test and handling. 


Trimmed and formed configuration has AMD doing the trim and form function to a JEDEC standard standoff and lead length. The 
product is shipped in trays. 
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PIN DESCRIPTIONS 


A19/S6, A18/S5, A17/S4, A16/S3 
Address Bus Outputs (Outputs) 


Address Bus Outputs (19-16) and Bus Cycle Status 
(6-3) indicate the four most significant address bits dur- 
ing T1. These signals are active High. 


During T2, T3, TW, and T4, the S6 pin is Lowto indicate 
a CPU-initiated bus cycle or High to indicate a DMA-initi- 
ated bus cycle. During the same T states, S3, S4, and 
$5 are always Low. These outputs are floated during 
bus HOLD or RESET. 


AD15—AD0O 
Address/Data Bus (Inputs/Outputs) 


Address/Data Bus (15-0) signals constitute the time 
multiplexed memory or I/O address (T1) and data (T2, 
T3, TW, and T4) bus. The bus is active High. AO is analo- 
gous to BHE for the lower byte of the data bus, pins 
D7—DO. It is Low during T1 when a byte is to be trans- 
ferred onto the lower portion of the bus in memory or /O 
operations. These pins are floated during a bus HOLD 
or RESET. 


ALE/QSO 
Address Latch Enable/Queue Status (Output) 


Address Latch Enable/Queue Status 0 is provided by 
the 80C 186 to latch the address. ALE is active High, with 
addresses guaranteed to be valid on the trailing edge. 


ARDY 
Asynchronous Ready (Input) 


Asynchronous Ready informs the 80C186 that the ad- 
dressed memory space or I/O device will complete a 
data transfer. The ARDY pin accepts a rising edge that 
is asynchronous to CLKOUT andis active High. The fall- 
ing edge of ARDY must be synchronized to the 80C 186 
clock. Connecting ARDY High will always assert the 
ready condition to the CPU. If this line is unused, it 
should be tied Low to yield control to the SRDY pin. 


BHE 
Bus High Enable (Output) 


The BHE (Bus High Enable) signal is analogous to AO in 
that it is used to enable data on to the most significant 
half of the data bus, pins D15—D8. BHE will be Low dur- 
ing T1 when the upper byte is transferred and will remain 
Low through T3 and TW. BHE does not need to be 
latched. BHE will float during HOLD or RESET. 


In Enhanced Mode, BHE will also be used to signify 
DRAM refresh cycles. A refresh cycle is indicated by 
both BHE and AO being High. 


AMD ol 


BHE and AO Encodings 


BHE AO 
Value Value Function 
0 0 Word Transfer 
0 1 Byte Transfer on upper half of data bus 
(D15-D8) 
1 0 Byte Transfer on lower half of data bus 
(D7-DO) 
1 1 Refresh 
CLKOUT 
Clock Output (Output) 


Clock Output provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative 
to CLKOUT. CLKOUT is active during RESET and bus 
HOLD. 


DEN 
Data Enable (Output) 


Data Enable is provided as a data bus transceiver out- 
put enable. DEN is active Low during each memory and 
V/O access (including 80C187 access). DEN is High 
whenever DT/R changes state. DEN will float during a 
bus HOLD or RESET. 


DRQO-DRQ1 
DMA Requests (Inputs) 


DMA Request is asserted High by an extemal device 
when it is ready for DMA Channel 0 or 1 to perform a 
transfer. These signals are level triggered and internally 
synchronized. 


DT/R 

Data Transmit/Receive (Output) 

Data Transmit/Receive controls the direction of data 
flow through an external data bus transceiver. When 
Low, data is transferred to the 80C186. When High, the 
80C186 places write data on the data bus. DT/R floats 
during a bus HOLD or RESET. 


HOLD, HLDA 
(Input, Output) 


HOLD indicates that another bus master is requesting 
the local bus. The HOLD input is active High. The 
80C186 generates HLDA (High) in response to a HOLD 
request. Simultaneous with the issuance of HLDA, the 
80C186 will float the local bus and control lines. After 
HOLD is detected as being Low, the 80C186 will lower 
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HLDA. When the 800186 needs to run another bus cy- 
cle, it will again drive the local bus and control lines. 


In Enhanced Mode, HLDA will go Low when a DRAM re- 
fresh cycle is pending in the 80C186 and an external bus 
master has control of the bus. It will be up to the external 
master to relinquish the bus by lowering HOLD so that 
the 80C186 may execute the refresh cycle. 


INTO, INT1/SELECT, INT2/INTAO, 


INT3/INTA1/RQ 
Maskable Interrupt Requests (Inputs, Input/Output) 


Maskable Interrupt Requests can be requested by acti- 
vating one of these pins. When configured as inputs, 
these pins are active High. Interrupt Requests are syn- 
chronized internally. INT2 and INT3 may be configured 
to provide active-Low interrupt-acknowledge output sig- 
nals. All interrupt inputs may be configured to be either 
edge or level triggered. To ensure recognition, all inter- 
rupt requests must remain active until the interrupt is ac- 
knowledged. When Slave Mode is selected, the function 
of these pins changes (see Interrupt Controller section 
of this data sheet). 


LCS 
Lower Memory Chip Select (Output/Input) 


Lower Memory Chip Select is active Low whenever a 
memory reference is made to the defined lower portion 
(1K-256K) of memory. LCS does not float during bus 
HOLD. The address range activating LCS is software 
programmable. 


UCS andLCS are sampled upon the rising edge of RES. 
If both pins are held Low, the 800186 will enter ONCE™ 
mode. In ONCE mode all pins assume a high-imped- 
ance state and remain so until a subsequent RESET. 
LCS has a weak intemal pull-up that is active only during 
RESET to ensure that the 80C186 does not enter ONCE 
mode inadvertently. 


LOCK 
Lock (Output) 


LOCK output indicates that other system bus masters 
are not to gain control of the system bus. LOCK is active 
Low. The LOCK signal is requested by the LOCK prefix 
instruction and is activated at the beginning of the first 
data cycle associated with the instruction immediately 
following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching 
will occur while LOCK is asserted. LOCK floats during 
bus HOLD or RESET. 
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MCSO/PEREQ, MCS1/ERROR, 

MCS2, MCS3/NPS 

Mid-Range Memory Chip Select (Output/Inputs, 
Outputs) 


Mid-Range Memory Chip Select signals are active Low 
when a memory reference is made to the defined mid- 
range portion of memory (8K-512K). These lines do not 
float during bus HOLD. The address ranges activating 
MCS3-MCS0 are software programmable. 


In Enhanced Mode, MCSO becomes PEREQ input 
(Processor Extension Request). When connected to the 
Numerics Processor Extension, this input is used to sig- 
nal the 80C 186 when to make numeric data transfers to 
and from the NPX. MCS3 becomes NPS (Numeric Pro- 
cessor Select), which may only be activated by commu- 
nication to the Numerics Processor Extension. MCS1 
becomes ERROR in Enhanced Mode andis used to sig- 
nal numerics coprocessor errors. 


MCSO0/PEREQ and MCS1/ERROR have weak internal 
pull-ups that are active during RESET. 


NMI 
Non-Maskable Interrupt (Input) 





The Non-Maskable Interrupt input causes a Type 2 in- 
terrupt. An NMI transition from Low to High is latched 
and synchronized internally, and initiates the interrupt at 
the next instruction boundary. NMI must be asserted for 
at least one CLKOUT period. The Non-Maskable Inter- 
rupt cannot be avoided by programming. 


PCS5/A1 
Peripheral Chip Select 5 or Latched A1 (Output) 


Peripheral Chip Select 5 or Latched A1 may be pro- 
grammed to provide a sixth peripheral chip select, or to 
provide an internally latched A1 signal. The address 
range activating PCS5 is software programmable. 
When programmed to provide latched A1 rather than 
PCSS, this pin will retain the previously latched value of 
A1 during a bus HOLD. A1 is active High. PCS5/A1 does 
not float during bus HOLD. 


PCS6/A2 
Peripheral Chip Select 6 or Latched A2 (Output) 








Peripheral Chip Select 6 or Latched A2 may be pro- 
grammed to provide a seventh peripheral chip select, or 
to provide an internally latched A2 signal. The address 
range activating PCS6 is software programmable. 
When programmed to provide latched A2 rather than 
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PCS6, this pin will retain the previously latched value of 
A2 during a bus HOLD. A2 is active High. PCS6/A2 does 
not float during bus HOLD. 


PCS4—-PCS0O 
Peripheral Chip Select Signals (Outputs) 


Peripheral Chip Select signals (4-0) are active Low 
when a reference is made to the defined peripheral area 
(64-Kb V/O or 1-Mb memory space). These lines do not 
float during bus HOLD. The address ranges activating 
PCS4—PCS0 are software programmable. 


RD/QSMD 
Read Strobe (Output/Input) 


Read Strobe is an active Low signal, which indicates 
that the 80C186 is performing a memory or I/O read cy- 
cle. It is guaranteed not to go Low before the A/D bus is 
floated. An internal pull-up ensures that RD/QSMD is 
High during RESET. Following RESET, the pin is sam- 
pled to determine whether the 80C186 is to provide 
ALE, RD, and WR, or queue status information. To en- 
able Queue Status Mode, RD must be connected to 
GND. RD will float during bus HOLD. 


RES 
RESET (Input) 


Anactive RES causes the 80C186 to immediately termi- 
nate its present activity, clear the internal logic, and 
enter adormant state. This signal may be asynchronous 
to the 80C186 clock. The 80C186 begins fetching 
instructions approximately 61 clock cycles after RES is 
returned High. For proper initialization, Vcc must be 
within specifications and the clock signal must be stable 
for more than four clocks with RES held Low. RES is in- 
ternally synchronized. This input is provided with a 
Schmitt-trigger to facilitate power-on RES generation 
via an RC network. 


RESET 
System Reset (Output) 


Reset output indicates that the 80C186 CPU is being 
reset and can be used as a system reset. It is active 
High, synchronized with the processor clock, and lasts 
an integer number of clock periods corresponding to 
the length of the RES signal. RESET goes inactive two 
clockout periods after RES goes inactive. When tied to 
the TEST/BUSY pin, RESET forces the 80C186 into en- 
hanced mode. RESET is not floated during bus HOLD. 


$2-S0 
Bus Cycle Status (Outputs) 


Bus cycle status S2-S0 are encoded to provide bus- 
transaction information. 
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80C186 Bus Cycle Status Information 


$2 St SO Bus Cycle Initiated 

0 0 0 Interrupt Acknowledge 

0 0 1 Read I/O 

0 1 0 Write /O 

0 1 1 Halt 

1 0 0 Instruction Fetch 

1 0 1 Read Data from Memory 
1 1 0 Write Data to Memory 

1 1 1 Passive (no bus cycle) 


The status pins float during HOLD/HLDA. 


S2 may be used as a logical memory or I/O indicator, 
and S1 as a DTM indicator. 


SRDY 
Synchronous Ready (Input) 


Synchronous Ready informs the 80C186 that the ad- 
dressed memory space or I/O device will complete a 
data transfer. The SRDY pin accepts an active-High in- 
put synchronized to CLKOUT. The use of SRDY allows 
a relaxed system timing over ARDY. This is accom- 
plished by elimination of the one-half clock cycle re- 
quired to internally synchronize the ARDY input signal. 
Connecting SRDY High will always assert the ready 
condition to the CPU. If this line is unused, it should be 
tied Low to yield control to the ARDY pin. 


TEST/BUSY 
Test (Input) 


The TEST pin is sampled during and after reset to deter- 
mine whether the 80C186 is to enter Compatible or 
Enhanced Mode. Enhanced Mode requires TEST to 
be High on the rising edge of RES and Low four 
CLKOUT cycles later. Any other combination will place 
the 80C186 in Compatible Mode. During power-up, 
active RES is required to configure TEST/BUSY as an 
input. A weak internal pull-up ensures a High state when 
the pin is not driven. 





TEST—In Compatible Mode this pin is configured to 
operate as TEST. This pin is examined by the WAIT in- 
struction. If the TEST input is High when WAIT execu- 
tion begins, instruction execution will suspend. TEST 
will be resampled every five clocks until it goes Low, at 
which time execution will resume. If interrupts are en- 
abled while the 80C186 is waiting for TEST, interrupts 
will be serviced. 


BUSY—In Enhanced Mode, this pin is configured to 
operate as BUSY. The BUSY input is used to notify the 
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80C186 of Numeric Processor Extension activity. 
Floating point instructions executing in the 80C186 
sample the BUSY pin to determine when the Numeric 
Processor is ready to accept a new command. BUSY is 
active High. 


TMR INO, TMR IN1 
Timer Inputs (Inputs) 


Timer inputs are used either as clock or control signals, 
depending upon the programmed timer mode. These 
inputs are active High (or Low-to-High transitions 
are counted) and internally synchronized. Timer inputs 
must be tied High when not being used as clock or retrig- 
ger inputs. 


TMR OUTO, TMR OUT1 
Timer Outputs (Outputs) 


Timer outputs are used to provide single pulse or con- 
tinuous waveform generation, depending upon the timer 
mode selected. These outputs are not floated during a 
bus HOLD. 


UCS 
Upper Memory Chip Select (Output/Input) 


Upper Memory Chip Select is an active Low output 
whenever a memory reference is made to the defined 
upper portion (1K—256K block) of memory. UCS does 
not float during bus HOLD. The address range activat- 
ing UCS is software programmable. 


UCS andLCS are sampled upon the rising edge of RES. 
If both pins are held Low, the 800186 will enter ONCE 
Mode. In ONCE Mode all pins assume a high-imped- 
ance state and remain so until a subsequent RESET. 
UCS has a weak internal pull-up that is active during 
RESET to ensure that the 80C186 does not enter 
ONCE Mode inadvertently. 
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Vec 
Power Supply (Inputs) 


System power: +5-V power supply. 


Vss 
Ground (Inputs) 


System ground. 


WR/QS1 
Write Strobe/Queue Status 1 (Output) 


Write Strobe/Queue Status 1 indicates that the data on 
the bus is to be written into a memory or an I/O device. It 
is active Low, and floats during bus HOLD or RESET. 
When the 80C186 is in Queue Status Mode, the ALE/ 
QS0 and WR/QS1 pins provide information about proc- 
essor/instruction queue interaction. 


QS1 QSO Queue Operation 
0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 

X1, X2 


Crystal Inputs (Input/Output) 


Crystal inputs X1 and X2 provide external connections 
for a fundamental mode or third overtone parallel 
resonant crystal for the internal oscillator. X1 can 
connect to an external clock instead of a crystal. In this 
case, minimize the capacitance on X2. The input or 
oscillator frequency is internally divided by two to gen- 
erate the clock signal (CLKOUT). 
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FUNCTIONAL DESCRIPTION 
Introduction 


The following Functional Description describes the base 
architecture of the 80C186. The 80C186 is a very high 
integration 16-bit microprocessor. It combines 15-20 of 
the most common microprocessor system components 
onto one chip. The 80C186 is object code compatible 
with the 8086/8088 microprocessors and adds 10 new 
instruction types to the 8086/8088 instruction set. 


The 80C186 has two major modes of operation, Com- 
patible and Enhanced. In Compatible Mode the 800186 
is completely compatible withthe NMOS 80186, withthe 
exception of 8087 support. The Enhanced Mode adds 
three new features to the system design: power-save 
control, dynamic RAM refresh, and an asynchronous 
Numeric Coprocessor interface. 


80C186 Base Architecture 


The 8086, 8088, 80186, and 80188 Family all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80C 186 processor is upward com- 
patible with the 8086 and 8088 CPUs. 


Register Set 


The 80C186 base architecture has fourteen registers, 
as shown in Figure 1. These registers are grouped into 
the following categories. 


General Registers 


Eight 16-bit general purpose registers may be used for 
arithmetic and logical operands. Four of these (AX, BX, 
CX, and DX) can be used as 16-bit registers or split into 
pairs of separate 8-bit registers. 


16-Bit Special 
Register Register 
Functions 
hee Multiply/Divide 
able V/0 Instructions 
(8-Bit 
Register 
Names 
Shown) Base Registers 





General 
Registers 


Loop/Shift/Repeat/Count SS 


Index Registers 


Stack Pointer 
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Segment Registers 


Four 16-bit special-purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For usage, 
refer to Memory Organization, page 14.) 


Base and Index Registers 


Four of the general-purpose registers may also be used 
to determine offset addresses of operands in memory. 
These registers may contain base addresses or indexes 
to particular locations within a segment. The addressing 
mode selects the specific registers for operand and 
address calculations. 


Status and Control Registers 


Two 16-bit special-purpose registers record or alter cer- 
tain aspects of the 80C186 processor state. These are 
the Instruction Pointer Register, which contains the off- 
set address of the next sequential instruction to be exe- 
cuted, and the Status Word Register, which contains 
status and control flag bits (see Figures 1 and 2). 


Status Word Description 


The Status Word records specific characteristics of the 
result of logical and arithmetic instructions (bits 0, 2, 4, 
6, 7, and 11) and controls the operation of the 800186 
within a given operating mode (bits 8, 9, and 10). The 
Status Word Register is 16-bits wide. The function of the 
Status Word bits is shown in Table 1. 


15 oO 
CS Code Segment Selector 
DS Data Segment Selector 
Stack Segment Selector 


ES Extra Segment Selector 


Segment Registers 
15 0 


F Status Word 
IP Instruction Pointer 
Status and Control 


Registers 
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Figure 1. 80C186 Register Set 
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Table 1. Status Word Bit Functions 








Bit 
Position Name Function 
0 CF Carry Flag—Set on high-order bit carry or borrow; cleared otherwise. 
2 PF Parity Flag—Set if low-order 8 bits of result contain an even number of 1 bits; 
cleared otherwise. 
4 AF Auxiliary Carry—Set on carry from or borrow to the low order four bits of the general 
purpose register AL; cleared otherwise. 
6 ZF Zero Flag—Set if result is 0; cleared otherwise. 
7 SF Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if negative). 
8 TF Single-Step Flag—Once set, a single-step interrupt occurs after the next instruction 
executes. TF is cleared by the single-step interrupt. 
9 IF Interrupt-Enable Flag—When set, maskable interrupts will cause the CPU to transfer 
control to an interrupt vector specified location. 
10 DF Direction Flag—Causes string instructions to auto decrement the appropriate index 
register when set. Clearing DF causes auto-increment. 
11 OF Overflow Flag—Set if the signed result cannot be expressed within the number of bits 


in the destination operand; cleared otherwise. 





Status Flags: 
Carry 
Parity 
Auxiliary Carry 


Zero 


Sign 
Overflow 








11 10 9 8 7 6 
“af OF | oF | iF | TF | SF | ZF | 





Control Flags: 





Trap Flag 
Interrupt Enable 
“| Reserved Direction Flag 
13087D-003 
Figure 2. Status Word Format 
Instruction Set Memory Organization 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string ma- 
nipulation, control transfer, high-level instructions, and 
processor control. These categories are summarized in 
80C186 Instruction Set section, page 15. 


An 80C186 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Specific 
operand addressing modes are discussed later in this 
data sheet. 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K (2'°) 
8-bit bytes. Memory is addressed using a two-compo- 
nent address (a pointer) that consists of a 16-bit base 
segment and a 16-bit offset. The 16-bit base values 
are contained in one of four internal segment registers 
(code, data, stack, extra). The physical address is calcu- 
lated by shifting the base value LEFT by 4 bits and 
adding the 16-bit offset value to yield a 20-bit physical 
address (see Figure 3). This allows for a 1-Mb physical 
address size. 
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All instructions that address operands in memory must 
specify the base segment and the 16-bit offset value. 
For speed and compact instruction encoding, the seg- 
ment register used for physical address generation is 
implied by the addressing mode used (see Table 3). 
These rules follow the way programs are written (see 
Figure 4) as independent modules that require areas 
for code and data, a stack, and access to external data 
areas. 


Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overrid- 
den for special cases. The stack, data, and extra seg- 
ments may coincide for simple programs. 


80C186 Instruction Set 


General Purpose 


MOV Move byte or word 

PUSH Push word onto stack 

POP Pop word off stack 

PUSHA Push all registers on stack 
POPA Pop all registers from stack 
XCHG Exchange byte or word 
XLAT Translate byte 
Input/Output 

IN Input byte or word 

OUT Output byte or word 
Address Object 

LEA Load effective address 
LDS Load pointer using DS 

LES Load pointer using ES 

Flag Transfer 

LAHF Load AH register from flags 
SAHF Store AH register in flags 
PUSHF Push flags onto stack 
POPF Pop flags off stack 
Addition 

ADD Add byte or word 

ADC Add byte or word with carry 
INC Increment byte or word by 1 
AAA ASCII adjust for addition 
DAA Decimal adjust for addition 
Subtraction 

SUB Subtract byte or word 

SBB Subtract byte or word with borrow 


DEC 
NEG 
CMP 
AAS 
DAS 
Multiplication 
MUL 
IMUL 
AAM 
Division 
DIV 
IDIV 
AAD 
CBW 
CWD 
MOVS 
INS 
OUTS 
CMPS 
SCAS 
LODS 
STOS 
REP 
REPE/REPZ 
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Decrement byte or word by 1 
Negate byte or word 
Compare byte or word 

ASCIl adjust for subtraction 
Decimal adjust for subtraction 


Multiply byte or word unsigned 
Integer multiply byte or word 
ASCII adjust for multiply 


Divide byte or word unsigned 
Integer divide byte or word 
ASCII adjust for division 
Convert byte or word 
Convert word to doubleword 
Move byte or word string 
Input bytes or word string 
Output bytes or word string 
Compare byte or word string 
Scan byte or word string 
Load byte or word string 
Store byte or word string 
Repeat 

Repeat while equal/zero 


REPNE/REPNZ Repeat while not equal/not zero 


Logicals 
NOT 
AND 

OR 

XOR 
TEST 
Shifts 
SHL/SAL 


SHR 
SAR 
Rotates 
ROL 
ROR 
RCL 
RCR 
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“NOT” byte or word 

“AND” byte or word 
“Inclusive or’ byte or word 
“Exclusive or” byte or word 
“Test” byte or word 


Shift logicaVarithmetic left byte 
or word 


Shift logical right byte or word 
Shift arithmetic right byte or word 


Rotate left byte or word 

Rotate right byte or word 

Rotate through carry left byte or word 
Rotate through carry right byte or word 
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Flag Operations 

STC Set carry flag 

CLC Clear carry flag 

CMC Complement carry flag 

STD Set direction flag 

CLD Clear direction flag 

STI Set interrupt-enable flag 

CLI Clear interrupt-enable flag 

External Synchronization 

HLT Halt until interrupt or reset 

WAIT Wait for TEST pin active 

ESC Escape to extension processor 

LOCK Lock bus during next instruction 

No Operation 

NOP No operation 

High Level Instructions 

ENTER Format stack for procedure entry 

LEAVE Restore stack for procedure exit 

BOUND Detects values outside prescribed 
range 

Conditional Transfers 

JA/JNBE Jump if above/not below nor equal 

JAE/JNB Jump if above or equal/not below 

JB/JNAE Jump if below/not above nor equal 

JBE/JNA Jump if below or equal/not above 

JC Jump if carry 

JE/JZ Jump if equalV/zero 

JG/JNLE Jump if greater/not less nor equal 

JGE/JNL Jump if greater or equal/not less 

JUJNGE Jump if less/not greater nor equal 

JLE/ING Jump if less or equaVnot greater 

JNC Jump if not carry 

JNE/JNZ Jump if not equaVnot zero 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd 

JNS Jump if not sign 

JO Jump if overflow 
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JP/JPE - Jump if parity/parity even 
JS Jump if sign 
Unconditional Transfers 

CALL Call procedure 

RET Return from procedure 
JMP Jump 

Iteration Controls 

LOOP Loop 

LOOPE/LOOPZ Loop if equal/zero 
LOOPNE/ 

LOOPNZ Loop if not equal/not zero 
JCXZ Jump if register CX = 0 
Interrupts 

INT Interrupt 

INTO Interrupt if overflow 

IRET Interrupt return 


To access operands that do not reside in one of the four 
immediately available segments, a full 32-bit pointer can 
be used to reload both the base (segment) and offset 
values. 





Shift 
Left 
Segment 
Base : 
Logical 
Address 
Offset 
Physical Address 
To Memory 
13087D-004 


Figure 3. Two-Component Address 
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Table 2. Segment Register Selection Rules 


Memory Reference 


Needed Used 
Instructions Code (CS) 
Local Data Data (DS) 

Stack Stack (SS) 


External Data (Global) Extra (ES) 


Addressing Modes 


The 80C186 provides eight categories of addressing 
modes to specify operands. Two addressing modes are 
provided for instructions that operate on register or im- 
mediate operands: 


e Register Operand Mode: The operand is located in 
one of the 8- or 16-bit registers. 


e Immediate Operand Mode: The operand is included 
in the instruction. 


Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
dress consists of two 16-bit components: a segment 
base and an offset. The segment base is supplied by a 
16-bit segment register either implicitly chosen by the 
addressing mode or explicitly chosen by a segment 
override prefix. The offset, also called the effective ad- 
dress, is calculated by summing any combination of the 
following three address elements: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
registers); and, 

e the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign-extended to 16-bit values. 


Combinations of these three address elements define 
the six memory addressing modes, described below. 


e Direct Mode: The operand’s offset is contained in the 
instruction as an 8- or 16-bit displacement element. 


e Register Indirect Mode: The operand's offset is in one 
of the registers SI, Di, BX, or BP. 


e Based Mode: The operand'’s offset is the sum of an 8- 
or 16-bit displacement and the contents of a base 
register (BX or BP). 


Segment Register 


Implicit Segment 
Selection Rule 


Instruction prefetch and immediate data. 

All other data references. 

All stack pushes and pops; any memory 
references which use BP Register as a 

base register. 

All string instruction references which use the 
DI register as an index. 


e Indexed Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contents of an index 
register (SI or Dl). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 


e Based Index Mode with Displacement: The op- 
erand's offset is the sum of a base register’s contents, 
an index registers contents, and an 8- or 16-bit 
displacement. 


Data Types 


The 800186 directly supports the following data types: 


e Integer: A signed binary numeric value contained in 
an 8-bit byte or a 16-bit word. Alloperations assume a 
2’s complement representation. Signed 32- and 
64-bit integers are supported using a Numeric Data 
Coprocessor with the 800186. 


e Ordinal: An unsigned binary numeric value contained 
in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 16-bit 
offset component or a 16-bit segment base 
component in addition to a 16-bit offset component. 


e String: A contiguous sequence of bytes or words. A 
string may contain from 1 to 64K bytes. 


e ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


e BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


e Packed BCD: A byte (packed) representation of two 
decimal digits (0-9). One digit is stored in each nibble 
(4-bits) of the byte. 

e Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands are 


supported using a Numeric Data Coprocessor with 
the 80C186). 
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In general, individual data elements must fit within de- 
fined segment limits. Figure 5 graphically represents the 
data types supported by the 80C186. 


Module A 


: : CPU 
Code 


.?) 
° 
om 
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Module B 


Process 
Stack 


] i] 
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Data 

Block 1 
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‘ ‘ 








Segment 
Registers 


Process 
Data 
Block 2 


ee 
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Figure 4. Segmented Memory Helps 
: Biriieture Software. : 


VO Space 


The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either 
an 8-bit port address, specified in the instruction, or 
a 16-bit port address in the DX register. Eight-bit port 
addresses are zero-extended such that A15-A8 are 
Low. I/O port addresses 00F8(H) through OOFF(H) are 
reserved. 


Interrupts 


Aninterrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine 
state (Status Word) are saved on the stack to allow re- 
sumption of the interrupted program. Interrupts fail into 
three classes: hardware initiated, INT instructions, and 
instruction exceptions. Hardware-initiated interrupts oc- 
cur in response to an external input and are classified as 
non-maskable or maskable. 


Programs may cause an interrupt with an INT instruc- 
tion. Instruction exceptions occur when an unusual 
condition, which prevents further instruction processing, 
is detected while attempting to execute an instruction. 
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Figure 5. 80C186 Supported Data Types 
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If the exception was caused by executing an ESC 
instruction with the ESC trap bit set in the relocation 
register, the return instruction will point to the ESC 
instruction, or to the segment override prefix immedi- 
ately preceding the ESC instruction if the prefix was 
present. In all other cases, the return address from 
an exception will point at the instruction immediately 
following the instruction causing the exception. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0-31, some of which are used for instruction exceptions, 
are reserved. Table 3 shows the 80C186 predefined 
types and default priority levels. For each interrupt, an 
8-bit vector must be supplied to the 80C 186, which iden- 
tifies the appropriate table entry. Exceptions supply the 
interrupt vector internally. In addition, internal peripher- 
als and non-cascaded external interrupts will generate 
their own vectors through the internal interrupt control- 
ler. INT instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware-initi- 
ated interrupts supply the 8-bit vector to the CPU during 
an interrupt acknowledge bus sequence. Non-mask- 
able hardware interrupts use a predefined internally 
supplied vector. 


Interrupt Sources 


The 800186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gener- 
ated by specific instructions (INT, ESC, unused OP, 
etc.) or the results of conditions specified by instructions 
(array bounds check, INTO, DIV, IDIV, etc.). Allinterrupt 
sources are serviced by an indirect call through an ele- 
ment of avector table. This vector table is indexed by us- 
ing the interrupt vector type (Table 3), multiplied by four. 
All hardware-generated interrupts are sampled at the 
end of each instruction. Thus, the software interrupts 
will begin service first. Once the service routine is 
entered and interrupts are enabled, any hardware 
source of sufficient priority can interrupt the service rou- 
tine in progress. 


Those pre-defined 80C186 interrupts that cannot be 
masked by programming are described below. 
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Generated when a DIV or IDIV instruction quotient can- 
not be expressed in the number of bits in the destination. 


Divide Error Exception (Type 0) 


Single-Step Interrupt (Type 1) 


Generated after most instructions if the TF (single step) 
flag in the status word is set. This interrupt allows pro- 
grams to execute one instruction at a time. Interrupts will 
not be generated after prefix instructions (e.g., REP), in- 
structions which modify segment registers (e.g., POP 
DS), or the WAIT instruction. Vectoring to the single- 
step interrupt service routine clears the TF bit. An IRET 
instruction in the interrupt service routine restores the 
TF bit to logic 1 and transfers control to the next instruc- 
tion to be single-stepped. 


Non-Maskable Interrupt-NMI (Type 2) 


An extemal interrupt source which is serviced regard- 
less of the state of the IF (interrupt enable flag) bit. No 
external interrupt acknowledge sequence is performed. 
The IF bitis cleared at the beginning of a NMI interrupt to 
prevent maskable interrupts from being serviced. A 
typical use of NMI would be to activate a power failure 
routine. 


Breakpoint Interrupt (Type 3) 


A 1-byte version of the INT instructions. It uses 12 
(OCH) as an index into the service routine address table 
(because it is a Type 3 interrupt). 


INTO Detected Overflow Exception (Type 4) 
Generated during an INTO instruction if the OF bit is set. 
Array BOUNDS Exception (Type 5) 


Generated during a BOUND instruction if the array in- 
dex is outside the array bounds. The array bounds are 
located in memory at a location indicated by one of the 
instruction operands. The other operand indicates the 
value of the index to be checked. 


Unused Opcode Exception (Type 6) 


Generated if execution is attempted on undefined op- 
codes. 
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ESCAPE Opcode Exception (Type 7) 
Compatible Mode 















Esc Opcode No 


Execution 
Attempted 


Don’t Interrupt 


Exception Trap Generated 


Enhanced Mode 


ESC Opcode 
Execution 
Attempted 


Relocation Registe 
Bit Set 


Exception 
Trap Generated 


No Return Address 
oints to the ESC 
Instruction Causing 


the Exception 





Segment Override 
Prefix Preceded 
ESC 


Return Address Points 
to Segment Override Prefix 


Note: 80C186 processing of ESC (numeric coprocessor) opcodes dif- 
fers substantially from the 80186. 
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Numeric Coprocessor Exception (Type 16) 


An interrupt generated in response to an unmasked 
error inthe 800187 Numeric Coprocessor Extension. In 
general, the 80C187 does not detect an error until 
the instruction after the error occurred. A Numeric 
Coprocessor error is signaled to the 80C187 on its 
ERROR input pin. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable inter- 
rupts. The 80C186 provides maskable hardware 
interrupt request pins INTO-INTS. In addition, maskable 
interrupts may be generated by the 80C186 integrated 
DMA controller and the integrated timer unit. The vector 
types for these interrupts is shown in Table 3. Software 
enables these inputs by setting the interrupt flag bit (IF) 
in the Status Word. The interrupt controller is discussed 
in the peripheral section of this datasheet. 


Further maskable interrupts are disabled while servicing 
an interrupt because the IF bit is reset as part of the re- 
sponse to an interrupt or exception. The saved Status 
Word will reflect the enable status of the processor prior 
tothe interrupt. The interrupt flag will remain zero unless 
specifically set. The interrupt retum instruction restores 
the Status Word, thereby restoring the original status of 
IF (interrupt-enable flag) bit. If the interrupt return 
reenables interrupts, and another interrupt is pending, 
the 80C186 will immediately service the highest-priority 
interrupt pending, i.e., no instructions of the main line 
program will be executed. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin Low. RES must be Low during 
power-up to ensure proper device initialization. RES 
forces the 80C186 to terminate all execution and local 
bus activity. No instruction or bus activity will occur as 
long as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C186 be- 
gins execution with the instruction at physical location 
FFFFO(H). RES also sets some registers to predefined 
values as shown in Table 4. 
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Table 3. 80C186 Interrupt Vectors 


Interrupt Vector Vector Default Related ge pata 

Name Type Address Priority Instructions otes 

Divide Error Exception 0 OOH 1 DIV, IDIV 1 

Single-Step Interrupt 1 04H 1A All 2 

Non-Maskable Interrupt (NMI) 2 08H 1 All 

Breakpoint Interrupt 3 OCH 1 INT 1 

INTO Detected Overflow Exception 4 10H 1 INTO 1 

Array Bounds Exception 5 14H 1 BOUND 1 

Unused Opcode Exception 6 18H 1 Undefined Opcodes 1 

ESC Opcode Exception 7 1CH 1 ESC Opcodes (Coprocessor) 1,3 

Timer 0 Interrupt 8 20H 2A 4 

Timer 1 Interrupt 18 48H 2B 4,6 

Timer 2 Interrupt 19 4CH 2c 4,6 

Reserved 9 24H 3 

DMA 0 Interrupt 10 28H 4 6 

DMA 1 Interrupt 11 2CH 5 6 

INTO Interrupt 12 30H 6 

INT1 Interrupt 13 34H 7 

INT2 Interrupt 14 38H 8 

INTS Interrupt 15 3CH 9 

Numeric Coprocessor Exception 16 40H 1 ESC Opcodes 1,5 
(Numeric Coprocessor) 

Reserved 17 44H 

Reserved 20-31 50H... 7CH 


Notes: Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level. 
1. Generated as a result of an instruction execution. 
2. Performed in the same manner as 8086. 


3. An ESC (coprocessor) opcode will cause a trap if the 80C 186 is in compatible mode or if the processor is in Enhanced 
Mode with the proper bit set in the peripheral control block relocation register. The 800186 is not directly compatible with 
the 80186 in this respect. 


4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level 
with respect to other interrupt sources. However, the timers have a defined priority order among themselves 
(2A>2B>2C). 


5. Numeric coprocessor exceptions are detected by the 80C186 upon execution of a subsequent numeric instruction. 
6. The vector type numbers for these sources are programmable in Slave Mode. 
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Table 4. 80C186 Initial Register State after RESET 


Status Word F002(H) 
Instruction Pointer 0000(H) 
Code Segment FFFF(H) 
Data Segment 0000(H) 
Extra Segment 0000(H) 
Stack Segment 0000(H) 
Relocation Register 20FF(H) 
UMCS FFFB(H) 
800186 CLOCK GENERATOR 


The 800186 provides an on-chip clock generator for 
both internal and extemal clock generation. The clock 
generator features a crystal oscillator, a divide-by-two 
counter, synchronous and asynchronous ready inputs, 
and reset circuitry. 


Oscillator 


The oscillator circuit of the 80C186 is designed to 
be used either with a parallel resonant fundamental 
or third-overtone mode crystal, depending upon the 
frequency range of the application, as shown in Figure 
6C. This is used as the time base for the 80C186. The 
crystal frequency chosen should be twice the required 
processor frequency. Use of an LC or RC circuit is not 
recommended. 


The output of the oscillator is not directly available out- 
side the 80C186. The two recommended crystal 
configurations are shown in Figures 6A and 6B. When 
used in third-overtone mode the tank circuit shown in 
Figure 6B is recommended for stable operation. The 
sum of the stray capacitances and loading capacitors 
should equal the values shown. It is advisable to limit 
stray capacitance between the X1 and X2 pins to less 
than 10 pF. While a fundamental-mode circuit will 
require approximately 1 ms for start-up, the third-over- 
tone arrangement may require 1 ms to 3 ms to stabilize. 


Alternately, the oscillator may be driven from an external 
source, as shown in Figure 6D. The configuration shown 
in Figure 6E is not recommended. 


The following parameters should be used when choos- 
ing a crystal: 


Temperature Range: 0°C to 70°C 
ESR (Equivalent Series Resistance): | 40 ohms max 
Co (Shunt Capacitance of Crystal): 7.0 pF max 
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C1 (Load Capacitance): 
Drive Level: 


Clock Generator 


The 800186 clock generator provides the 50%-duty cy- 
cle processor clock for the 80C 186. It does this by divid- 
ing the oscillator output by two, forming the symmetrical 
clock. If an external oscillator is used, the state of the 
clock generator will change on the falling edge of the os- 
cillator signal. The CLKOUT pin provides the processor 
clock signal for use outside the 80C186. This may be 
used to drive other system components. All timings are 
referenced to the output clock. 


READY Synchronization 


The 800186 provides both synchronous and asynchro- 
nous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of T2, T3, and again in the middle of each 
TW until ARDY is sampled High. One-half CLKOUT cy- 
cle of resolution time is used for full synchronization of a 
rising ARDY signal. A High-to-Low transition on ARDY 
may be used as an indication of the not-ready condition, 
but it must be performed synchronously to CLKOUT, 
either in the middle of T2, T3, or TW, or at the falling 
edge of T3 or TW. 


A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T2, T3, and again at the end of 
each TW until it is sampled High. By using this input 
rather than the asynchronous ready input, the half-clock 
cycle resolution time penalty is eliminated. This input 
must satisfy set-up and hold times to guarantee proper 
operation of the circuit. 


In addition, the 800186, as part of the integrated chip- 
select logic, has the capability to program wait states for 
memory and peripheral blocks. This is discussed in the 
Chip Select/ Ready Logic description. 


RESET Logic 


The 80C186 provides both a RES input pin and a syn- 
chronized RESET output pin for use with other system 
components. The RES input pin on the 80C186 is pro- 
vided with hysteresis in order to facilitate power-on Re- 
set generation via an RC network. RESET is guaran- 
teed to remain active for at least five clocks given a RES 
input of at least six clocks. RESET may be delayed up to 
approximately two and one-half clocks behind RES. 


20 pF +2 pF 
1 mW max 
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30 pF 





(6A) 
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Note 1 


7 200 pF 


(6B) 
Note 1: 
XTAL Frequency L1 Value 
20 MHz 12.0 pH +20% 
25 MHz 8.2 pH 420% 
32 MHz 4.7 pH +20% 
40 MHz 3.0 pH +20% 


Recommended Crystal Mode Third-Overtone 
le Fundamental 


——__|___— 


Desired CPU Frequency 10MHz 





External Clock Source 





(6D) 






12.5 MHz 20 MHz 
(6C) 
(DONOT USE) —L 


External Clock Source 


(SE) 


13087D-007 


Figure 6. 800186 Oscillator Configurations 


LOCAL BUS CONTROLLER 


The 800186 provides a local bus controller to generate 
the local bus control signals. In addition, it employs a 
HOLD/HLDA protocol for relinquishing the local bus to 
other bus masters. It also provides outputs that can be 
used to enable external buffers and to direct the flow of 
data on and off the local bus. 


Memory/Peripheral Control! 


The 80C186 provides ALE, RD, and WR bus control sig- 
nals. The RD and WR signals are used to strobe data 
from memory or I/O to the 80C186 or to strobe data from 
the 80C186 to memory or I/O. The ALE line provides a 
strobe to latch the address when it is valid. The 80C186 
local bus controller does not provide a memory/I/O sig- 
nal. If this is required, use the S2 signal (which will 
require external latching, 0 =1/O and 1 =memory), make 
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the memory and 1/O spaces non-overlapping, or use 
only the integrated chip-select circuitry. 


Transceiver Control 


The 80C186 generates two control signals for external 
transceiver chips. This capability allows the addition of 
transceivers for extra buffering without adding external 
logic. These control lines, DT/R and DEN, are gener- 
ated to control the flow of data through the transceivers. 
The operation of these signals is shown in Table 5. 


Table 5. Transceiver Control Signals Description 


Pin Name Function 

DEN (Data Enable) Enables the output drivers of the 
transceivers. It is active Low 
during memory, I/O, numeric 
processor extension, or INTA 
cycles. 

DT/R (Data Transmit/ Determines the direction of 

Receive) travel through the transceivers. 


A High level directs data away 
from the processor during write 
operations, while a Low level 
directs data toward the pro- 
cessor during a read operation. 


Local Bus Arbitration 


The 80C186 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters utiliz- 
ing the same bus can operate at separate clock frequen- 
cies. The 80C186 provides a single HOLD/HLDA pair 
through which all other bus masters may gain control of 
the local bus. External circuitry must arbitrate which 
external device will gain control of the bus when there 
is more than one alternate local bus master. When the 
80C186 relinquishes control of the local bus, it floats 
BHE, and DT/R to allow another master to drive these 
lines directly. 


The 80C186 HOLD latency time, that is, the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor when 
the HOLD request is received. A HOLD request is sec- 
ond only to DRAM refresh requests in priority of 
activity requests the processor may receive. Any bus cy- 
cle in progress will be completed before the 80C 186 re- 
linquishes the bus. This implies that ifa HOLD request is 
received just as a DMA transfer begins, the HOLD la- 
tency can be as great as 4-bus cycles. This will occur if a 
DMA word transfer operation is taking place from an odd 
address to an odd address. This is a total of 16-clock 
cycles or more if wait states are required. In addition, if 
locked transfers are performed, the HOLD latency time 
will be increased by the length of the locked transfer. 
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If the 80C186 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven Low) to 
signal the remote processor that the 80C186 wishes to 
regain control of the bus. The 80C186 will wait until 
HOLD is removed before taking control of the bus to run 
the refresh cycle. 


Local Bus Controller and Reset 


During RESET, the local bus controller will perform the 
following action: 


e Drive DEN, RD, and WR High for one clock cycle, 
then float them. 


Drive S2—-S0 to the inactive state (all High) and then 
float. 


e Drive LOCK High and then float. 

Float AD15-ADO, A19-A16, BHE, DT/R. 
Drive ALE Low. 

Drive HLDA Low. 


RD/QSMD, UCS, LCS, MCSO/PEREQ, MCS1/ER- 
ROR, and TEST/BUSY pins have internal pull-up de- 
vices which are active while RES is applied. Excessive 
loading or grounding certain of these pins causes the 
80C186 to enter an alternative mode of operation: 


¢ RD/QSMD low results in Queue Status Mode. 
e UCS and LCS low results in ONCE Mode. 


e TEST/BUSY low (and high later) results in Enhanced 
Mode. 


INTERNAL PERIPHERAL INTERFACE 


All the 80C186 integrated peripherals are controlled by 
16-bit registers contained within an internal 256-byte 
control block. The control block may be mapped into 
either memory or I/O space. Internal logic will recognize 
control block addresses and respond to bus cycles. Dur- 
ing bus cycles to internal registers, the bus controller will 
signal the operation externally (i.e., the RD, WR, status, 
address, data, etc., lines will be driven as in a normal 
bus cycle), but AD15-ADO, SRDY, and ARDY will be ig- 
nored. The base address of the control block must be on 
an even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all Os). All of the defined registers 
within this control block may be read or written by the 
800186 CPU at any time. 


e 





The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the control 
block (see Figure 7). It provides the upper 12 bits of the 
base address of the control block. The control block is 
effectively an internal chip select range and must abide 
by all the rules concerning chip selects (the chip select 
circuitry is discussed later in this data sheet). Any 
access to the 256 bytes of the control block activates an 
internal chip select. 
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8 7 6 5 4 3 2 1 0 


15 14 13 12 
Offset: FEH | et | Slave/Master} x | M10] Relocation Address Bits R19—-R8 


ET= ESC Trap/No ESC Trap (1/0) 


M10 = Register block located in Memory/ I/O Space (1/0) 


Slave/Master = Configures interrupt controller for Slave/Master Mode (1/0) 


13087D-008 


Figure 7. Relocation Register 


Other chip selects may overlap the control block only if 
they are programmed to zero wait states and ignore 
external ready. In addition, bit 12 of this register deter- 
mines whether the control block will be mapped into I/O 
or memory space. If this bit is 1, the control block will be 
located in memory space. If the bit is 0, the control block 
willbe located in /O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base ad- 
dress must be programmed as 0 (since I/O addresses 
are only 16-bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits which 
place the interrupt controller into slave mode and cause 
the CPU to interrupt upon encountering ESC instruc- 
tions. At RESET, the relocation register is set to 20FFH, 
which maps the control block to start at FFOOH in I/O 
space. An offset map of the 256-byte control register 
block is shown in Figure 8. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 80C186 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to pro- 
vide READY (or wait state) generation. It can also pro- 
vide latched address bits A1 and A2. The chip-select 
lines are active for all memory and /O cycles in their pro- 
grammed areas, whether they be generated by the CPU 
or by the integrated DMA unit. 


Memory Chip Selects 


The 80C186 provides six memory chip-select outputs 
for three address areas: upper memory, lower memory, 
and mid-range memory. One each is provided for upper 
memory and lower memory, while four are provided for 
mid-range memory. 


The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, or 128K 
(plus 1K and 256K for upper and lower chip selects). In 
addition, the beginning or base address of the mid- 
range memory chip select may also be selected. Only 
one chip select may be programmed to be active for any 
memory location at a time. All chip-select sizes are in 
bytes, whereas 80C186 memory is arranged in words. 
This means that if, for example, 16 64K x 1 memories 
are used, the memory block size will be 128K, not 64K. 


OFFSET 
FEH 


Relocation Register 


DMA Descriptors Channel 1 













DAH 
DOH 











CAH 
COH 


DMA Descriptors Channel 0 


Chip-Select Control Registers 


Time 2 Control Registers 
Time 1 Control Registers 
Time 0 Control Registers 


Interrupt Controller Registers 


Figure 8. Internal Register Map 


ABH 
AOH 


66H 


60H 
5EH 


58H 
56H 


50H 


3EH 
20H 
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Upper Memory CS 


The 80C186 provides a chip select, called UCS, for the 
top of memory. The top of memory is usually used as the 
system memory because after reset the 80C 186 begins 
executing at memory location FFFFOH. 


The upper limit of memory defined by this chip select is 
always FFFFFH, while the lower limit is programmable. 
By programming the lower limit, the size of the select 
block is also defined. Table 6 shows the relationship be- 
tween the base address selected and the size of the 
memory block obtained. 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 9). This register is at offset 
AOH in the internal control block. The legal values for 
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Table 6. UMCS Programming Values 


Starting 
Address Memory UMCS Value 
(Base Block (Assuming 

Address) Size RO=R1=R2=0) 
FFCOO 1K FFF8H 
FF800 2K FFB8H 
FFOOO 4K FF38H 
FEOOO 8K FE38H 
FCooOo 16K FC38H 
F8000 32K F838H 
Foooo 64K FO38H 
E0000 128K E038H 
C0000 256K C038H 


bits 13-6 and the resulting starting address and memory 
block sizes are givenin Table 6. Any combination of bits 
13-6 not shown in Table 6 will result in undefined opera- 
tion. After reset, the UMCS register is programmed for a 
1K area. It must be reprogrammed if a larger upper 
memory area is desired. 


The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 5-0 as 0) asserts UCS. UMCS bits, 
R2-RO, specify the READY mode for the area of mem- 
ory defined by the chip-select register, as explained 
later. 


Lower Memory CS 


The 80C186 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location OOO00H. 


The lower limit of memory defined by this chip select is 
always 0H, while the upper limit is programmable. By 
programming the upper limit, the size of the memory 
block is defined. Table 7 shows the relationship be- 
tween the upper address selected and the size of the 
memory block obtained. 


Table 7. LMCS Programming Values 


Memory LMCS Value 
Upper Block (Assuming 
Address Size RO=R1=R2=0) 
003FFH 1K 0038H 
007FFH 2K 0078H 
OOFFFH 4K OOF8H 
O1FFFH 8K 0O1F8H 
O3FFFH 16K O3F8H 
O7FFFH 32K 07F8H 
OFFFFH 64K OFF8H 
1FFFFH 128K 1FF8H 
3FFFFH 256K 3FF8H 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 10) at offset A2H in the inter- 
nal control block. The legal values for bits 15-6 and the 
resulting upper address and memory block sizes are 
given in Table 7. Any combination of bits 15-6 not 
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shown in Table 7 will result in undefined operation. After 
reset, the LMCS register value is undefined. However, 
the LCS chip-select line will not become active until the 
LMCS register is accessed. 


Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 5-0 as 
1) will assert LCS. LMCS register bits, R2-RO, specify 
the READY mode for the area of memory defined by this 
chip-select register. 


Mid-Range Memory CS 


The 80C186 provides four MCS lines which are active 
within a user-locatable memory block. This block can be 
located within the 80C 186 1-Mb memory address space 
exclusive of the areas defined by UCS and LCS. Both 
the base address and size of this memory block are pro- 
grammable. 


The size of the memory block defined by the mid-range 
select lines, as shown in Table 8, is determined by bits 
14-8 of the MPCS register (see Figure 11). This register 
is at location A8H in the internal control block. One and 
only one of bits 14-8 must be set at a time. Unpredict- 
able operation of the MCS lines will otherwise occur. 
Each of the four chip-select lines is active for one of the 
four equal contiguous divisions of the mid-range block. If 
the total block size is 32K, each chip select is active for 
8K of memory with MCSO being active for the first range, 
MCS1 active for the second, MCS2 for the third, and 
MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral functional- 
ity, as described in a later section. 





Table 8 . MPCS Programming Values 


Total Individual MPCS 

Block Select Bits 

Size Size 14-8 
8K 2K 0000001B 
16K 4K 0000010B 
32K 8K 0000100B 
64K 16K 0001000B 
128K 32K 0010000B 
256K 64K 0100000B 
512K 128K 1000000B 


The base address of the mid-range memory block 
is defined by bits 15-9 of the MMCS register (see 
Figure 12). This register is at offset AGH in the internal 
control block (see Figure 8). These bits correspond to 
bits A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base 
address may be set at any integer multiple of the size of 
the total memory block selected. For example, if the 
mid-range block size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could be 
located at 10000H or 18000H, but not at 14000H, since 
the first few integer multiples of a 32K memory block are 
OH, 8000H, 10000H, 18000H, etc. After reset, the 
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contents of both registers are undefined. However, 
none of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 


MMCS bits, R2—-RO, specify READY mode of operation 
for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip se- 
lects is a special case. When using 512K, the base ad- 
dress would have to be at either locations OOO00H or 
80000H. If it were to be programmed at O0000H when 
the LCS line was programmed, there would be an inter- 
nal conflict between the LCS ready generation logic and 
the MCS ready generation logic. Likewise, if the base 
address were programmed at 80000H, there would be a 
conflict with the UCS ready generation logic. Since the 
LCS chip-select line does not become active until pro- 
grammed, while the UCS line is active at reset, the 
memory base can be set only at OOOOOH. If this base 
address is selected, however, the LCS range must not 
be programmed. 


15 14 13 12 11 10 9 


In Enhanced Mode, three of the four MCS pins become 
handshaking pins for the 80C187 Numeric Processor 
Extension. MCS2 is still available as a chip select cover- 
ing one-fourth the mid-range address block, subject 
to the usual programming of the MPCS and MMCS 
registers. 


Peripheral Chip Selects 


The 80C186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a program- 
mable base address. The base address may be located 
in either memory or I/O space. 


Seven CS lines called PCS6-PCSO are generated by 
the 80C186. The base address is user-programmable; 
however, it can only be a multiple of 1K bytes (i.e., the 
least significant 10 bits of the starting address are 
always 0). 


8 7 6 5 4 3 2 1 0 
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Figure 9. UMCS Register 
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Figure 10. LMCS Register 
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Figure 11. MPCS Register 
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Figure 12. MMCS Register 
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Figure 13. PACS Register 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1 and A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 


can be connected directly tothe AO and A1 pins used for 
selecting internal registers of 8-bit peripheral chips. This 
scheme simplifies the external hardware because the 
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peripheral registers can be located on even boundaries 
in VO or memory space. 


The starting address of the peripheral chip-select block 
is defined by the PACS register (see Figure 13). The 
register is located at offset A4H in the internal control 
block. Bits 15-6 of this register correspond to bits 19-10 
of the 20-bit Programmable Base Address (PBA) of the 
peripheral chip-select block. Bits 9-0 of the PBA of the 
peripheral chip-select block are all Os. If the chip-select 
block is located in /O space, bits 15-12 must be pro- 
grammed 0, since the I/O address is only 16-bits wide. 
Table 9 shows the address range of each peripheral 
chip select with respect to the PBA contained in PACS 
register. 


The user should program bits 15—6 to correspond to the 
desired peripheral base location. PACS bits 2-0 are 
used to specify READY mode for PCS3—PCS0. MPCS 
bits 2-0 specify the READY mode for PCS6—-PCS4, as 
outlined below. 


Table 9. PCS Address Ranges 


PCS Line Active between Locations 
PCcso PBA —PBA+ 127 
PCST PBA+ 128—PBA+ 255 
PCS2 PBA+ 256-—PBA+383 
PCS3 PBA+384—PBA+511 
Pcs4 PBA+512—PBA+ 639 
PCS5 PBA+640—PBA+ 767 
PCS6 PBA+ 768—PBA+ 895 


The mode of operation of the peripheral chip selects is 
defined by the MPCS register (which is also used to set 
the size of the mid-range memory chip-select block, see 
Figure 11). The register is located at offset A8H in the 
internal control block. Bit 7 is used to select the function 
of PCS5 and PCS6, while bit 6 is used to select whether 
the peripheral chip selects are mapped into memory or 
1/O space. Table 10 describes the programming of these 
bits. After reset, the contents of both the MPCS and the 
PACS registers are undefined; however, none of the 
PCS lines will be active until both of the MPCS and 
PACS registers are accessed. 


READY Generation Logic 


The 80C186 can generate a READY signal intemally for 
each of the memory or peripheral CS lines. The number 
of wait states to be inserted for each peripheral or mem- 
ory is programmable to provide 3-0 wait states for all ac- 
cesses to the area for which the chip select is active. In 
addition, the 80C186 may be programmed to either ig- 
nore external READY for each chip-select range indi- 
vidually or to factor external READY with the integrated 
ready generator. 
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Table 10. MS, EX Programming Values 


Bit Description 

MS 1= Peripherals mapped into memory space. 
0O= Peripherals mapped into I/O space. 

EX 0=5 PCS lines. A1, A2 provided. 


1=7 PCS lines. A1, A2 are not provided. 


READY control consists of 3 bits for each CS line or 


group of lines generated by the 80C186. The interpreta- 
tion of the READY bits is shown in Table 11. 


Table 11. READY Bits Programming 


R2 Ri RO Number of Wait States Generated 


0 O 0 wait states, external RDY also used. 

0 #0 1 1 wait state inserted, external RDY 
also used. 

Oo 61 0 2 wait states inserted, external RDY 
also used. 

Oo 1 1 3 wait states inserted, external RDY 
also used. 

1 #O 0 wait states, external RDY ignored. 

1 #0 1 1 wait state inserted, external RDY 
ignored. 

1 #1 0 2 wait states inserted, external RDY 
ignored. 

1 1 1 3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY is 
used (R2=0). For example, if the internal generator is 
set to insert two wait states, but activity on the external 
READY lines will insert four wait states, the processor 
will only insert four wait states, not six. This is because 
the two wait states generated by the internal generator 
overlapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles accessing 
internal peripherals. 


R2-ROof each control word specifies the READY mode 
for the corresponding block, with the exception of the 
peripheral chip selects: R2-RO of PACS set the 
PCS3-PCSO READY mode, R2—RO of MPCS set the 
PCS6-PCS4 READY mode. 


Chip Select/Ready Logic and Reset 
Upon RESET, the Chip Select/Ready Logic will perform 
the following actions: 


e All chip-select outputs will be driven High. 


e Upon leaving RESET, the UCS line will be 
programmed to provide chip selects to a 1K block with 
the accompanying READY control bits set at 011 to 





28 80C186 


PRELIMINARY 


insert three wait states in conjunction with external 
Ready (i.e., UMCS resets to FFBH). 


e Nootherchip select or READY control registers have 
any predefined values after RESET. They will not 
become active until the CPU accesses their control 
registers. Both the PACS and MPCS registers must 
be accessed before the PCS lines will become active. 


DMA CHANNELS 


The 800186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory or 
/O to /O). Data can be transferred either in bytes 
(8 bits) or in words (16 bits) to or from even or odd ad- 
dresses. Each DMA channel maintains both a 20-bit 
source and destination pointer which can be optionally 
incremented or decremented after each data transfer 
(by one or two, depending on byte or word transfers). 
Each data transfer consumes two bus cycles (a mini- 
mum of eight clocks), one cycle to fetch data and the 
other to store data. 


DMA Operation 


Each channel has six registers in the control block which 
define each channel's specific operation. The control 
registers consist of a 20-bit Source pointer (2 words), a 
20-bit Destination Pointer (2 words), a 16-bit Transfer 
Count Register, and a 16-bit Control Word. The format 
of the DMA Control Blocks is shown in Table 12. The 
Transfer Count Register (TC) specifies the number of 
DMA transfers to be performed. Up to 64K byte or word 
transfers can be performed with automatic termination. 
The Control Word defines the channel's operation (see 
Figure 15). All registers may be modified or altered dur- 
ing any DMA activity. Any changes made to these regis- 
ters will be reflected immediately in DMA operation. 
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Table 12. DMA Control Block Format 


Register Address 

Register Name Cho Chi 

Control! Word CAH DAH 
Transfer Control C8H D8H 
Destination Pointer (upper 4 bits) C6H D6H 
Destination Pointer C4H D4H 
Source Pointer (upper 4 bits) C2H D2H 
Source Pointer COH DOH 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the mode 
of operation for the particular 80C186 DMA channel. 
This register specifies: 

e the mode of synchronization; 

e whether bytes or words will be transferred; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a pro- grammed 
number of DMA cycles; 


e the relative priority of the DMA channel with respect to 
the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 

e whether the source pointer addresses memory or /O 

space; 

whether the destination pointer will be incremented, 

decremented, or maintained constant after each 

transfer; and, 

e whether the destination pointer will address memory 
or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any changes 
made during operation will affect the current DMA 
transfer. 
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Figure 14. DMA Unit Block Diagram 
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Figure 15. DMA Control Register 


DMA Control Word Bit Descriptions 


DEST: 
M/iO 


DEC 


INC 


SOURCE: 
M/i0 
DEC 


Destination pointer is in memory (1) or 
I/O (0) space. 

Decrement destination pointer by 1 or 2 
(depends on B/W) after each transfer. 


Increment destination pointer by 1 or 2 
(depends on B/W) after each transfer. 


If both INC and DEC are specified, the 
pointer will remain constant after each 
cycle. 


Source pointer is in M/IO space (1/0). 


Decrement source pointer by 1 or 2 
(depends on B/W) after each transfer. 


12 ~=#611 10 9 8 7 6 5 4 3 2 1 0 
M/ Source CHG/ | ST/ | B/ 
10 DEC INC | iO DEC INC | TC SYN TDRQ | X |NOCHG|STOP] W 


INC 


TC 


INT 
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Increment source pointer by 1 or 2 
(depends on B/W) after each transfer. 


If both INC and DEC are specified, the 
pointer will remain constant after each 
cycle. 


If set, DMA will terminate when the 
contents of the Transfer Count register 
reach 0. The ST/STOP bit will also be 
reset at this point. If this bit is cleared, 
the DMA unit will decrement the trans- 
fer count register for each DMA cycle, 

but the DMA transfer will not stop when 
the contents of the TC register reach 0. 


Enable Interrupts to CPU upon transfer 
count termination. 
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SYN 00 Nosynchronization 


Note: When unsynchronized transfers 
are specified, the TC bit will be ignored 
and the ST/STOP bit will be cleared 
upon the transfer count reaching zero, 
stopping the channel. 


01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 


P Channel priority relative to other 
channel during simultaneous requests. 
0 Lowpriority 
1. High priority. 
Channels will alternate cycles if both 
are set at same priontty level. 


Enable/Disable (1/0) DMA requests 
from Timer 2. 


CHG/NOCHG Change/Donot change (1/0) ST/STOP 
bit. If this bit is set when writing to 


TDRQ 


the 
control word, the ST/STOP bit will be 
programmed by the write to the control 
word. If this bit is cleared when writing 
the control word, the ST/STOP bit will 
not be altered. This bit is not stored; it 
will always be read as 0. 


ST/STOP Start/Stop (1/0) channel. 
B/W Byte/Word (0/1) transfers. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers takes 
up two full 16-bit registers in the peripheral control 
block. Foreach DMA channelto be used, all four pointer 
registers must be initialized. The lower four bits of the 
upper register contain the upper four bits of the 20-bit 
physical address (see Figure 16). These pointers may 
be individually incremented or decremented after each 
transfer. If word transfers are performed, the pointer is 
incremented or decremented by two. 


Each pointer may point into either memory or I/O space. 
Since the upper four bits of the address are not auto- 
matically programmed to zero, the user must program 
them in order to address the normal 64K I/O space. 
Since the DMA channels can perform transfers to or 
from odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
achieved if all word transfers are performed to or from 
even addresses so that accesses will occur in single bus 
cycles. 
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DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every 
DMA cycle, regardless of the state of the TC bit in 
the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer counter register reaches 0. 


DMA Requests 


Data transfers may be either source or destination syn- 
chronized, that is, either the source of the data or the 
destination of the data may request the data transfer. In 
addition, DMA transfers may be unsynchronized; that is, 
the transfer will take place continually until the correct 
number of transfers has occurred. When source or un- 
synchronized transfers are performed, the DMA chan- 
nel may begin another transfer immediately after the 
end of a previous DMA transfer. This allows a complete 
transfer to take place every two bus cycles or eight clock 
cycles (assuming no wait states). When destination syn- 
chronization is performed, data will not be fetched from 
the source address until the destination device signals 
that it is ready to receive it. When destination synchro- 
nized transfers are requested, the DMA controller will 
relinquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will be- 
gin after two processor clocks. This allows the destina- 
tion device time to remove its request if another transfer 
is not desired. Since the DMA controller will relinquish 
the bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between desti- 
nation-synchronized transfers. Table 13 shows the 
maximum DMA transfer rates. 


Table 13. Maximum DMA Transfer Rates at 16 MHz 


Type of 
Synchronization CPU CPU 
Selected . Running Halted 
Unsynchronized 4.0 Mb/s 4.0 Mb/s 
Source Synch 4.0 Mb/s 4.0 Mb/s 
Destination Synch 2.7 Mb/s 3.2 Mb/s 





Higher 
Register} XxX XXX XXX |A19~A16 
Address 
Lower 
Address 
15 0 


XXX = Don't Care 
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Figure 16. DMA Pointer Register Format 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. Since 
both source and destination pointers are maintained, a 
read from a requesting source or a write to a requesting 
destination, should be used as the DMA acknowledge 
signal. Since the chip-select lines can be programmed 
to be active for a given block of memory or I/O space, 
and the DMA pointers can be programmed to point to 
the same given block, a cchip-select line could be used to 
indicate a DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that one 
channel is always given priority over the other, or they 
may be programmed such as to alternate cycles when 
both have DMA requests pending. DMA cycles always 
have priority over internal CPU cycles except between 
locked memory accesses or word accesses to odd 
memory locations; however, an extemal bus hold takes 
priority over an internal DMA cycle. Because an inter- 
rupt request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, inter- 
rupt latency time will suffer during sequences of continu- 
ous DMA cycles. An NMI request, however, will cause 
all internal DMA activity to halt. This allows the CPU to 
quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of the 
control register is set. If synchronized transfers are pro- 
grammed, a DRQ must also be generated. Therefore, 
the source and destination transfer pointers, and the 
transfer count register (if used) must be programmed 
before the ST/STOP bit is set. 


Each DMA register may be modified while the channel 
is operating. If the CHG/NOCHG bit is cleared when 
the control register is written, the ST/STOP bit of the 
control register will not be modified by the write. If multi- 
ple channel registers are modified, it is recommended 
that a LOCKED string transfer be used to prevent a DMA 
transfer from occurring between updates to the channel 
registers. 


DMA Channels and Reset 


Upon RESET, the state of the DMA channels will be as 
follows: 


e The ST/STOP bit for each channel will be reset to 
STOP. 
e Any transfer in progress is aborted. 


e The values of the transfer count registers, 
source pointers, and destination pointers are 
indeterminate. 
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TIMERS 


The 800186 provides three internal 16-bit programma- 
ble timers (see Figure 17). Two of these are highly flex- 
ible and are connected to four external pins (two per tim- 
er). They can be used to count external events, time ex- 
ternal events, generate non-repetitive waveforms, etc. 
The third timer is not connected to any external pins, and 
is useful for real-time coding and time delay applica- 
tions. In addition, the third timer can be used as a pres- 
caler to the other two, or as a DMA request source. 


Timer Operation 


The timers are controlled by eleven 16-bit registers in 
the peripheral control block. The configuration of these 
registers is shown in Table 14. The count register con- 
tains the current value of the timer. It can be read or writ- 
ten at any time independent of whether the timer is run- 
ning or not. The value of this register will be incremented 
for each timer event. Each of the timers is equipped with 
a MAX COUNT register, which defines the maximum 
count the timer will reach. After reaching the MAX 
COUNT register value, the timer count value will reset to 
0 during that same clock, that is, the maximum count 
value is never stored inthe count register itself. Timers 0 
and 1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alternate 
their count between two different MAX COUNT values. 
Ifa single MAX COUNT register is used, the timer output 
pin will switch Low for a clock, one clock after the maxi- 
mum count value has been reached. In the dual MAX 
COUNT register mode, the output pin will indicate which 
MAX COUNT register is currently in use, thus allowing 
nearly complete freedom in selecting waveform duty cy- 
cles. For the timers with two MAX COUNT registers, the 
RIU bit in the control register determines which is used 
for the comparison. 


Each timer gets serviced every fourth CPU-clock cycle, 
and thus, can operate at speeds up to one-quarter the 
internal clock frequency (one-eighth the crystal rate). 
External clocking of the timers may be done at up toa 
rate of one-quarter of the internal CPU-clock rate. Due 
to internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to six clocks to re- 
spond to any individual clock or gate input. 


Since the count registers and the maximum count regis- 
ters are all 16-bits wide, 16 bits of resolution are pro- 
vided. However, any read or write access to the timers 
will add one wait state to the minimum four-clock bus 
cycle. This is needed to synchronize and coordinate 
the internal data flows between the internal timers and 
the internal bus. 
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Figure 17. Timer Block Diagram 


The timers have several programmable options: 


e All three timers can be set to halt or continue on a 
terminal count. 


e Timers 0 and 1 can select between intemal and 
external clocks, alternate between MAX COUNT 
registers, and be set to retrigger on external events. 


e The timers may be programmed to cause an interrupt 
on terminal count. 


These options are selectable via the timer mode/control 
word. 
Timer Mode/Control Register 


The mode/control register (see Figure 18) allows the 
' user to program the specific mode of operation or check 
the current programmed status for any of the three inte- 
grated timers. 


Table 14. Timer Control Block Format 
Register Offset 









Register Name 

Mode/Control Word 66H 
Max Count B Not Present 
Max Count A 62H 
Count Register 60H 





EN 


The Enable bit provides programmer control over the 
timers RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin constraints in 


the internal clock mode (discussed previously). When 
cleared, the timer will be inhibited from counting. All in- 
put pin transitions during the time EN is 0 willbe ignored. 
If CONT is 0, the EN bit is automatically cleared upon 
maximum count. 


INH 


The Inhibit bit allows the selective updating of the enable 
(EN) bit. If INH is a 1 during the write to the mode/control 
word, then the state of the EN bit will be modified by the 
write. If INH is a 0 during the write, the EN bit will be unaf- 
fected by the operation. This bit is not stored; it will al- 
ways be a 0 on a read. 


INT 


When set, the INT bit enables interrupts from the timer, 
which will be generated on every terminal count. If the 
timer is configured in dual MAX COUNT register mode, 
an interrupt will be generated each time the value in 
MAX COUNT register A is reached and each time the 
value in MAX COUNT register B is reached. If this en- 
able bit is cleared after the interrupt request has been 
generated, but before a pending interrupt is serviced, 
the interrupt request will still be in force. (The request is 
latched in the Interrupt Controller.) 


RIV 


The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A 0 value indicates register A. The 
RIU bit cannot be written, i.e., its value is not affected 
when the control register is written. It is always cleared 
when the ALT bit is 0. 
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The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. if the timer is 
configured in dual MAX COUNT register mode, this bit 
willbe set each time the value in MAX COUNT registerA 
is reached, and each time the value in MAX COUNT reg- 
ister B isreached. This bit is set regardless of the timer’s 
interrupt-enable bit. The MC bit gives the user the ability 
to monitor timer status through software instead of 
through interrupts. 


Programmers intervention is required to clear this bit. 


RTG 


Retrigger bit is only active for internal clocking 
(EXT =0). Inthis case, it determines the control function 
provided by the input pin. 


If RTG =0, the input level gates the internal clock on and 
off. If the input pin is High, the timer will count; if the input 
pin is Low, the timer will hold its value. As indicated pre- 
viously, the input signal may be asynchronous with re- 
spect to the 80C186 clock. 


When RTG = 1, the input pin detects Low-to-High transi- 
tions. The first such transition starts the timer running, 
clearing the timer value to 0 on the first clock, and then 
incrementing thereafter. Further transitions on the input 
pin will again reset the timer to 0, from which it will start 
counting up again. If CONT=0, when the timer has 
reached maximum count, the EN bit will be cleared, in- 
hibiting further timer activity. 


P 


The Prescaler bit is ignored unless internal clocking has 
been selected (EXT =0). If the P bit is a 0, the timer will 
count at one-fourth the internal CPU clock rate. If the P 
bit is a 1, the output of Timer 2 will be used as a clock for 
the timer. Note that the user must initialize and start 
Timer 2 to obtain the prescaled clock. 


15 


PRELIMINARY 


EXT 


The External bit selects between internal and external 
clocking for the timer. The external signal may be asyn- 
chronous with respect to the 80C 186 clock. 


If this bit is set, the timer will count Low-to-High transi- 
tions on the input pin. If cleared, it will count an internal 
clock while using the input pin for control. In this mode, 
the function of the external pin is defined by the RTG bit. 
The maximum input to output transition latency time 
may be as much as six clocks. However, clock inputs 
may be pipelined as closely together as every four 
clocks without losing clock pulses. 


ALT 


The ALT bit determines which of two MAX COUNT reg- 
isters is used for count comparison. If ALT =0, register A 
for that timer is always used, while if ALT=1, the 
comparison will alternate between register A and regis- 
ter B when each maximum count is reached. This 
alternation allows the user to change one MAX COUNT 
register while the other is being used, and thus provides 
a method of generating non-repetitive waveforms. 
Square waves and pulse outputs of any duty cycle area 
subset of available signals obtained by not changing the 
final count registers. The ALT bit also determines the 
function of the timer output pin. If ALT is 0, the output pin 
will go Low for one clock, the clock after the maximum 
count is reached. If ALT is 1, the output pin will reflect the 
current MAX COUNT register being used (0/1 for B/A). 


CONT 


Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt 
upon maximum count. If CONT=0 and ALT=1, the 
timer will count to the MAX COUNT register A value, re- 
set, count to the register B value, reset, and halt. 


Not all mode bits are provided for Timer 2. Certain bits 
are hardwired as indicated below: 


ALT=0, EXT =0, P=0, RTG=0, RIU=0 


14 13 12 an 5 4 3 2 1 O 
LEN | ina] inr{ Ru o |....] Mc}Rra] P| ext) att} Cont] 
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Figure 18. Timer Mode/Control Register 
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Count Registers 


Each of the three timers has a 16-bit count register. The 
contents of this register may be read or written by the 
processor at any time. If the register is written into while 
the timer is counting, the new value will take effect in the 
current count cycle. 


The count registers should be programmed before at- 
tempting to use the timers, since they are not automati- 
cally initialized to zero. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while 
Timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In Timers 
0 and 1, the MAX COUNT register used can alternate 
between the two MAX COUNT values whenever the 
current maximum count is reached. A timer resets when 
the timer count register equals the MAX COUNT value 
being used. If the timer count register or the MAX 
COUNT register is changed so that the MAX COUNT is 
less than the timer count the timer does not immediately 
reset. Instead, the timer counts up to OFFFFH, “wraps 
around” to zero, counts up to the MAX COUNT value, 
and then resets. 


Timers and Reset 


Upon RESET, the Timers will perform the following ac- 
tions: 


e All EN (Enable) bits are reset preventing timer 
counting. 


e For Timers 0 and 1, the RIU bits are reset to zero and 
the ALT bits are set to one. This results in the Timer 
Out pins going High. 

e Thecontents ofthe count registers are indeterminate. 


INTERRUPT CONTROLLER 


The 80C186 can receive interrupts from a number of 
sources, both internal and external. The intemal inter- 
rupt controller serves to merge these requests on a pri- 
ority basis for individual service by the CPU. 


Internal interrupt sources (Timers and DMA channels) 
can be disabled by their own control registers or by 
mask bits within the interrupt controller. The 80C 186 in- 
terrupt controller has its own control register that sets 
the mode of operation for the controller. 


The interrupt controller will resolve priority among re- 
quests that are pending simultaneously. Nesting is pro- 
vided so interrupt service routines for lower priority inter- 
rupts may themselves be interrupted by higher priority 
interrupts. A block diagram of the interrupt controller is 
shown in Figure 19. 
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The 80C186 has a special slave mode in which the inter- 
nal interrupt controller acts as a slave to an external 
master. The controller is programmed into this mode by 
setting bit 14 in the peripheral control block relocation 
register (see Slave Mode section). 


MASTER MODE OPERATION 
Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is the non-maskable interrupt, NMI. 
NMI is generally used for unusual events such as 
power-fail interrupts. The other four pins may be config- 
ured in any of the following ways: 


e As four interrupt lines with internally generated 
interrupt vectors; 


e As an interrupt line and interrupt acknowledge line 
pair (cascade mode) with externally generated 
interrupt vectors plus two interrupt input lines with 
internally generated vectors; and, 


e As two pairs of interrupt/interrupt acknowledge lines 
(cascade mode) with externally generated interrupt 
vectors. 


External sources in the Cascade Mode use externally 
generated interrupt vectors. When an interrupt is ac- 
knowledged, two INTA cycles are initiated and the vec- 
tor is read into the 80C 186 onthe second cycle. The ca- 
pability to interface to external 82C59A programmable 
interrupt controllers is provided when the inputs are con- 
figured in Cascade Mode. 


Interrupt Controller Modes of Operation 


The basic modes of operation of the interrupt controller 
in Master Mode are similar to the 82C59A. The interrupt 
controller responds identically to internal interrupts in all 
three modes; the difference is only in the interpretation 
of function of the four extemal interrupt pins. The inter- 
rupt controller is set into one of these three modes by 
programming the correct bits in the INTO and INT1 con- 
trol registers. The modes of interrupt controller opera- 
tion are as follows. 


Fully Nested Mode 


When in the Fully Nested Mode four pins are used as di- 
rect interrupt requests as in Figure 20. The vectors for 
these four inputs are generated internally. An in-service 
bit is provided for every interrupt source. If a lower-prior- 
ity device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the interrupt 
controller. In addition, if another interrupt request occurs 
from the same interrupt source while the in-service bit is 
set, no interrupt will be generated by the interrupt con- 
troller. This allows interrupt service routines to operate 
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with interrupts enabled, yet be suspended only by inter- 
rupts of higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS bit 
must be reset by writing the proper pattern to the EOI 
register. This is required to allow subsequent interrupts 
from this interrupt source and to allow servicing of lower- 
priority interrupts. An EOI command is executed at the 
end of the service routine just before the return from in- 
terrupt instruction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit set 
is then serviced. 


Cascade Mode 


The 80C186 has four interrupt pins and two of them 
have dual functions. In the Fully Nested Mode, the four 
pins are used as direct interrupt inputs and the corre- 
sponding vectors are generated internally. In the Cas- 
cade Mode, the four pins are configured into interrupt 
input-dedicated acknowledge signal pairs. The inter- 
connection is shown in Figure 21. INTO is an interrupt 
input interfaced to an 82C59A, while INT2/INTAO serves 
as the dedicated interrupt acknowledge signal to that 
peripheral. The same is true for INT1 and INTS/INTA1. 
Each pair can selectively be placed in the Cascade or 
Non-cascade Mode by programming the proper value 
into INTO and INT1 control registers. The use of the 
dedicated acknowledge signals eliminates the need for 
the use of external logic to generate INTA and device 
select signals. 


The Primary Cascade Mode allows the capability to 
serve up to 128 external interrupt sources through the 
use of external master and slave 82C59As. Three levels 
of priority are created, requiring priority resolution in the 
80C186 interrupt controller, the master 82C59As, and 
the slave 82C59As. If an external interrupt is serviced, 
one IS bit is set at each of these levels. When the inter- 
rupt service routine is completed, up to three end-of-in- 
terrupt commands must be issued by the programmer. 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in INTO or 
INT1 control register. It enables complete nestability 
with external 82C59A masters. Normally, an interrupt 
request from an interrupt source will not be recognized 
unless the in-service bit for that source is reset. If more 
than one interrupt source is connected to an external in- 
terrupt controller, all of the interrupts will be funneled 
through the same 80C 186 interrupt request pin. As a re- 
sult, if the external interrupt controller receives a higher- 
priority interrupt, its interrupt will not be recognized by 
the 80C186 controller until the 80C186 in-service bit is 
reset. In Special Fully Nested Mode, the 80C 186 inter- 
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rupt controller will allow interrupts from an external pin, 
regardless of the state of the in-service bit for an inter- 
rupt source, in order to allow multiple interrupts from a 
single pin. An in-service bit will continue to be set, how- 
ever, to inhibit interrupts from other lower-priority 
80C186 interrupt sources. 


Special procedures should be followed when resetting 
IS bits at the end of interrupt service routines. Software 
polling of the IS register in the external master 82C59A 
is required to determine if there is more than one bit set. 
If so, the IS bit inthe 80C186 remains active and the next 
interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if interrupts 
are undesirable. When polling, the processor disables 
interrupts and then polls the interrupt controller when- 
ever it is convenient. Polling the interrupt controller is 
accomplished by reading the Poll Word (Figure 30). 
Bit 15 in the poll word indicates to the processor that an 
interrupt of high enough priority is requesting service. 
Bits 4-0 indicate to the processor the type vector of the 
highest-priority source requesting service. Reading the 
Poll Word causes the in-service bit of the highest-priority 
source to be set. 


It is desirable to be able to read the Poll Word informa- 
tion without guaranteeing service of any pending inter- 
rupt, that is, not set the indicated in-service bit. The 
80C186 provides a Poll Status Word, in addition to the 
conventional Poll Word, to allow this to be done. Poll 
Word information is duplicated in the Poll Status Word, 
but reading the Poll Status Word does not set the asso- 
ciated in-service bit. These words are located in two ad- 
jacent memory locations in the register file. 


Master Mode Features 


Programmable Priority 


The user can program the interrupt sources into any of 
eight different priority levels. The programming is done 
by placing a 3-bit priority level (O—7) in the control regis- 
ter of each interrupt source. (A source with a priority 
level of 4 has higher priority over all priority levels from 5 
to 7. Priority registers containing values lower than 4 
have greater priority.) All interrupt sources have prepro- 
grammed default priority levels (see Table 3). 


If two requests with the same programmed priority level 
are pending at once, the priority ordering scheme shown 
in Table 3 is used. If the serviced interrupt routine 
reenables interrupts, it allows other interrupt requests to 
be serviced. 
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Figure 20. Fully Nested (Direct) Mode Interrupt Controller Connections 





80C186 37 


on AMD 


~ End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the pro- 
grammer to reset the in-service (IS) bit when an inter- 
rupt service routine is completed. The EOI command is 
issued by writing the proper pattern to the EOI register. 
There are two types of EOI commands, specific and 
non-specific. The non-specific command does not spec- 
ify which IS bit is reset. When issued, the interrupt 
controller automatically resets the IS bit of the highest 
priority source with an active service routine. A specific 
EOI command requires that the programmer send the 
interrupt vector type to the interrupt controller indicating 
which source's IS bit is to be reset. This command is 
used when the fully nested structure has been disturbed 
or the highest priority IS bit that was set does not belong 
to the service routine in progress. 


Trigger Mode 


The four external interrupt pins can be programmed in 
either Edge- or Level-trigger Mode. The control register 
for each external source has a Level-trigger Mode 
(LTM) bit. All interrupt inputs are active High. In the 
Edge—sense Mode or the Level-trigger Mode, the inter- 
rupt request must remain active (High) until the interrupt 
request is acknowledged by the 80C186 CPU. In the 
Edge-sense Mode, if the level remains High after the in- 
terrupt is acknowledged, the input is disabled and no fur- 
ther requests will be generated. The input level must go 
Low for at least one clock cycle to reenable the input. In 
the Level-trigger Mode, no such provision is made; hold- 
ing the interrupt input High will cause continuous inter- 
rupt requests. 


Interrupt Vectoring 


The 800186 Interrupt Controller will generate interrupt 
vectors for the integrated DMA channels and the inte- 
grated timers. In addition, the Interrupt Controller will 
generate interrupt vectors for the external interrupt 
lines, if they are not configured in Cascade or Special 
Fully Nested Mode. The interrupt vectors generated are 
fixed and cannot be changed (see Table 3). 


Interrupt Controller Registers 


The Interrupt Controller Register Mode is shown in 
Figure 22. It contains 15 registers. All registers can 
either be read or written, unless specified otherwise. 


In-Service Register 


This register can be read from or written into. The format 
is shown in Figure 23. It contains the in-service bit for 
each of the interrupt sources. The in-service bit is set to 
indicate that a source's service routine is in progress. 
When an in-service bit is set, the interrupt controller will 
not generate interrupts to the CPU when it receives in- 
terrupt requests from devices with a lower programmed 
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priority level. The TMR bit is the in-service bit for all three 
timers; the DO and D1 bits are the in-service bits for the 
two DMA channels; the I3-!0 are the in-service bits for 
the external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either by 
an interrupt acknowledge or by reading the poll register. 
The IS bit is reset at the end of the interrupt service rou- 
tine by an end-of-interrupt command. 


Interrupt Request Register 


The intemal interrupt sources have interrupt request bits 
inside the interrupt controller. The format of this register 
is shown in Figure 23. A read from this register yields the 
status of these bits. The TMR bit is the logical OR of all 
timer interrupt requests. DO and D1 are the interrupt re- 
quest bits for the DMA channels. 


The state of the external interrupt input pins is also indi- 
cated. The state of the extemal interrupt pins is not 
a stored condition inside the interrupt controller; there- 
fore, the external interrupt bits cannot be written. The 
external interrupt request bits are set when an interrupt 
request is given to the interrupt controller, so if Edge- 
triggered Mode is selected, the bit in the register will be 
High only after an inactive-to-active transition. For inter- 
nal interrupt sources, the register bits are set when a re- 
quest arrives and are reset when the processor ac- 
knowledges the requests. 


Writes to the interrupt request register will affect the DO 
and D1 interrupt request bits. Setting either bit will cause 
the corresponding interrupt request, while clearing 
either bit will remove the corresponding interrupt re- 
quest. All other bits in the register are read-only. 


Mask Register 


This is a 16-bit register that contains a mask bit for each 
interrupt source. The format for this register is shown in 
Figure 23. A one in abit position corresponding to a par- 
ticular source serves to mask the source from generat- 
ing interrupts. These mask bits are the exact same bits 
that are used in the individual control registers; pro- 
gramming a mask bit using the mask register will also 
change this bit in the individual control registers, and 
vice versa. 


Priority Mask Register 


This register is used to mask all interrupts below a par- 
ticular interrupt priority level. The format of this register 
is shown in Figure 24. The code in the lower three bits of 
this register inhibits interrupts of priority lower (a higher 
priority number) than the code specified. For example, 
100 written into this register masks interrupts of level 
five (101), six (110), and seven (111). The register is re- 
set to seven (111) upon RESET so no interrupts are 
masked due to priority number. 
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Figure 21. Cascade and Special Fully Nested Mode Interrupt Controller Connections 


Interrupt Status Register 


This register contains general interrupt controller status 
information. The format of this register is shown in 
Figure 25. The bits in the status register have the follow- 
ing functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and itis 
reset when an IRET instruction is executed. 
This bit allows prompt service of all non-mask- 
able interrupts. This bit may also be set by the 
programmer. 


IRTx: These three bits represent the individual timer 
interrupt request bits. These bits differentiate 
between timer interrupts, since the timer IR bit 
in the interrupt request register is the OR func- 
tion of all timer interrupt requests. Note that 
setting any one of these three bits initiates an 
interrupt request to the interrupt controller. 


Timer, DMA 0, 1; Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format for these registers is 
shown in Figure 26. The three bit positions PRO, PR1, 
and PR2 represent the programmable priority level of 
the interrupt source. The MSK bit inhibits interrupt re- 
quests from the interrupt source. The MSK bits in the in- 
dividual control registers are the exact same bits as in 


the Mask Register; modifying them in the individual con- 
trol registers will also modify them in the Mask Register, 
and vice versa. 


Offset 
3EH 
3CH 
3AH 
38H 
36H 
34H 
32H 
30H 
2EH 
2CH 
2AH 
28H 
26H 
24H 
22H 
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Figure 22. Interrupt Controller Register 
(Master Mode) 
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Figure 28. INT2/INT3 Control Register Formats 
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INT3—INTO Control Registers 


These registers are the control words for the four exter- 
nal input pins. Figure 27 shows the format of the INTO 
and INT1 control registers; Figure 28 shows the format 
of the INT2 and INT3 control registers. In Cascade 
Mode or Special Fully Nested Mode, the control words 
for INT2 and INT3 are not used. 


The bits in the various control registers are encoded as 
follows: 


PR2-0: Priority programming information. Highest 
priority = 000, lowest priority = 111. 


LTM: Level-trigger Mode bit. 1=TIlevel-triggered; 
0=edge-triggered. Interrupt input levels are 
active High. In Level-triggered Mode, an inter- 
rupt is generated whenever the external line is 
High. In Edge-triggered Mode, an interrupt 
will be generated only when this level is 
preceded by an inactive-to-active transition 
on the line. In both cases, the level must 


remain active until the interrupt is 
acknowledged. 
MSK: Mask bit, 1 = mask; 0=non-mask. 
C: Cascade Mode bit, 1 =cascade; 0 =direct. 
SFNM: Special Fully Nested Mode bit, 1 =SFNM. 
EOI Register 


The end of the interrupt register is a command register 
which can only be written into. The format of this register 
is shown in Figure 29. It initiates an EOI command when 
written to by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 


Sx: Encoded information that specifies an 
interrupt source vector type as shown in Table 
3. For example, to reset the in-service bit for 
DMA channel 0, these bits should be set to 
01010, since the vector type for DMA channel 
O is 10. 


Note: To reset the single in-service bit for any 
of the three timers, the vector type for Timer 
0(8) should be written in this register. 


NSPEC/SPEC: 
A bit that determines the type of EOI 
command. Non-specific = 1, Specific =0. 


Poll and Poll Status Registers 


These registers contain polling information. The format 
of these registers is shown in Figure 30. They can only 
be read. Reading the Poll register constitutes a software 
poll. This will set the IS bit of the highest priority pending 
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interrupt. Reading the poll status register will not set the 
IS bit of the highest priority pending interrupt; only the 
status of pending interrupts will be provided. 


Encoding of the Poll and Poll Status register bits are as 
follows: 


Sx: Encoded information that indicates the vector 
type of the highest priority interrupting source. 
Valid only when INTREQ=1. 


INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request =1; no Interrupt 
Request =0. 


SLAVE MODE OPERATION 


When Slave Mode is used, the internal 80C 186 interrupt 
controller willbe used as a slave controller to an external 
master interrupt controller. The internal 80C186 re- 
sources will be monitored by the internal interrupt 
controller, while the external controller functions as the 
system master interrupt controller. 


Upon reset, the 80C186 will be in the Master Mode. To 
provide for Slave Mode operation, bit 14 of the reloca- 
tion register should be set (see Figure 7). 


Because of pin limitations caused by the need to inter- 
face to an external 82C59A master, the internal interrupt 
controller will no longer accept external inputs. There 
are, however, enough 80C 186 interrupt controller inputs 
(internally) to dedicate one to each timer. In this mode, 
each timer interrupt source has its own mask bit, IS bit, 
and control word. 


In Slave Mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller op- 
eration. Therefore, it is the programmer's responsibility 
to assign correct priorities and initialize interrupt control 
registers before enabling interrupts. 


Slave Mode External Interface 


The configuration of the 80C186 with respect to an ex- 
ternal 82C59A master is shown in Figure 31. The INTO 
(Pin 45) input is used as the 80C186 CPU interrupt 
input. INTS/IRQ (Pin 41) functions as an output to send 
the 80C186 slave-interrupt-request to one of the eight 
master PIC inputs. 


Correct master-slave interface requires decoding of 
the slave addresses (CAS2-0). Slave 82C59As do this 
internally. Because of pin limitations, the 800186 
slave address will have to be decoded externally. 
INT1/SELECT (Pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred inter- 
nally, but the READY input must be supplied externally. 
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Figure 29. EOI Register Format 
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Figure 30. Poll Register Format 
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Figure 31. Slave Mode Interrupt Controller Connections 


INT2/INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 


Interrupt Nesting 


Slave Mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the priority 
logic masks off all priority levels except those with equal 
or higher priority. 


Vector Generation in the Slave Mode 


Vector generation in Slave Mode is exactly like that of an 
8259A or 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector type number which the CPU multi- 
plies by four and uses as an address into the vector 
table. The five most significant bits of this type number 
are user-programmable while the three least significant 


bits are defined according to Figure 32. The significant 
five bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 


Specific End-of-Interrupt 


In Slave Mode, the specific EO] command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an in- 
service bit to be reset. The command is executed by 
writing the correct value in the Specific EOI register at 
offset 22H. 


Interrupt Controller Registers in the Slave Mode 


Allcontrol and command registers are located inside the 
internal peripheral control block. Figure 32 shows the 
offsets of these registers. 
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End-of-Interrupt Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register is 
shown in Figure 33. It initiates an EOI command when 
written by the 80C186 CPU. 


The bits in the EOI register are encoded as follows: 


Lx: Encoded value indicating the priority of the IS 
bit to be reset. 


In-Service Register 


This register can be read from or written into. It contains 
the in-service bit for each of the interrupt sources. The 
format for this register is shown in Figure 34. Bit posi- 
tions 2 and 3correspond tothe DMA channels; positions 
0, 4, and 5 correspond to the integral timers. The 
source's IS bit is set when the processor acknowledges 
its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals have 
interrupt requests pending. The format of this register is 
shown in Figure 34. The interrupt request bits are set 
when a request arrives from an intemal source, and are 
reset when the processor acknowledges the request. 
The interrupt as in master mode, DO and D1 are read/ 
write; all other bits are read only. 


Mask Register 


This register contains a mask bit for each interrupt 
source. The format for this register is shown in Figure 
34. If the bit in this register corresponding to a particular 
interrupt source is set, any interrupts from that source 
will be masked. These mask bits are exactly the same 
bits which are used in the individual control registers; 
that is, changing the state of a mask bit in this register 
will also change the state of the mask bit in the individual 
interrupt control register corresponding to the bit. 


Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format of these registers is shown 
in Figure 35. Each of the timers and both of the DMA 
channels have their own Control Register. 


The bits of the Control Registers are encoded as 
follows: 


pix: 3-bit encoded field indicating a priority level for 
the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 
bits. 
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Offset 
Timer 2 Control Register 
(Vector Type XXXXX101) 3AH 
Timer 1 Control Register 
(Vector Type XXXXX100) 38H 
DMA 1 Control eae 
(Vector Type XXXXX011) 36H 
DMA 0 Control Register 
(Vector Type XXXXX010) 34H 


Timer O Control Register 
(Vector Type XXXXX000) 32H 
Interrupt Status Register 30H 
Interrupt-Request Register 2EH 


In-Service Register 2CH 
Priority-Level Mask Register 2AH 


Mask Register 28H 
Specific EOI Register 22H 


Interrupt Vector Register 20H 
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Figure 32. Interrupt Controller Registers 
(Slave Mode) 


Interrupt Vector Register 


This register provides the upper five bits of the interrupt 
vector address. The format of this register is shown in 
Figure 36. The interrupt controller itself provides the 
lower three bits of the interrupt vector, as determined by 
the priority level of the interrupt request. 


The format of the bits in this register is: 

tk: 5-bit field indicating the upper five bits of the 
vector address. 

Priority-Level Mask Register 

This register indicates the lowest priority-level interrupt 

which will be serviced. 

The encoding of the bits in this register is: 


mx:  3-bit encoded field indication priority-level 
value. All levels of lower priority will be 
masked. 
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Figure 33. Specific EOI Register Format 
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Figure 34. In-Service, Interrupt Request, and Mask Register Format 
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Figure 35. Control Word Format 
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Figure 36. Interrupt Vector Register Format 


15 14 13 8 7 6 5 4 3 2 1 ¢) 
pofojfo}. . . -fofofo} of of of ma} mY] mo! 


13087D-038 


Figure 37. Priority Level Mask Register 


Interrupt Status Register ° 


This register is defined as in Master Mode except that e 
DHLT is not implemented (see Figure 25). 


Interrupt Controller and Reset ‘ 


Upon RESET, the interrupt controller will perform the e 
following actions: 


e All SFNM bits reset to 0, implying Fully Nested Mode. 


e All PR bits in the various control registers set to 1. e 
This places all sources at lowest priority (level 111). 
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AIlLTM bits reset to 0, resulting in Edge-sense Mode. 
All Interrupt Service bits reset to 0. 

All interrupt Request bits reset to 0. 

All MSK (Interrupt Mask) bits set to 1 (mask). 

All C (Cascade) bits reset to 0 (non-cascade). 


All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


Initialized to Master Mode. 
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Enhanced Mode Operation 


In Compatible Mode, the 80C186 operates with all the 
features of the NMOS 80186, with the exception of 8087 
support (i.e., no numeric coprocessing is possible in 
Compatible Mode). Queue-Status information is still 
available for design purposes other than 8087 support. 


Allthe Enhanced Mode features are completely masked 
when in Compatible Mode. A write to any of the En- 
hanced Mode registers will have no effect, while a read 
will not return any valid data. 


In Enhanced Mode, the 80C186 will operate with Power- 
Save, DRAM refresh, and numeric coprocessor sup- 
port, in addition to all the Compatible Mode features. 


Entering Enhanced Mode 


If connected to anumeric coprocessor, this mode will be 
invoked automatically. Without an NPX, this mode can 
be entered by tying the RESET output signal from the 
80C186 to the TEST/BUSY input. 


Queue-Status Mode 


The Queue-status Mode is entered by strapping the RD 
pin Low. RD is sampled at RESET and if Low, the 
80C186 will reconfigure the ALE and WR pins to be QSO 
and QS1, respectively. This mode is available on the 
80C186 in both Compatible and Enhanced Modes. 


DRAM Refresh Control Unit Description 


The Refresh Control Unit (RCU) automatically gener- 
ates DRAM refresh bus cycles. The RCU operates only 
in Enhanced Mode. After a programmable period of 
time, the RCU generates a memory read request to the 
BIU. If the address generated during a refresh bus cycle 
is within the range of a properly programmed chip se- 
lect, that chip select will be activated when the BIU exe- 
cutes the refresh bus cycle. The ready logic and wait 
states programmed for that region will also be in force. If 
no chip select is activated, then external ready is auto- 
matically required to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh request 
is generated (indicating a bus hold condition), then the 
80C 186 will deactivate the HLDA pin in order to perform 
a refresh cycle. The circuit external to the 800186 must 
remove the HOLD signal for at least one clock in order to 
execute the refresh cycle. The sequence of HLDA going 
inactive while HOLD is being held active can be used to 
signal a pending refresh request. 


All registers controlling DRAM refresh may be read and 
written in Enhanced Mode. When the processor is oper- 
ating in Compatible Mode, they are deselected and are 
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therefore inaccessible. Some fields of these registers 
cannot be written and are always read as Os. 


DRAM Refresh Addresses 


The address generated during a refresh cycle is deter- 
mined by the contents of the MDRAM register (see 
Figure 38) and the contents of a 9-bit counter. Figure 39 
illustrates the origin of each bit. 


Refresh Control Unit Programming and Operation 


After programming the MDRAM and the CDRAM regis- 
ters (see Figures 38 and 40), the RCU is enabled by set- 
ting the “E” bit in the EDRAM register (Figure 41). The 
clock counter (TO-T8 of EDRAM) will be loaded from 
CO-C8 of CDRAM during T3 of instruction cycle that 
sets the “E” bit. The clock counter is then decremented 
at each subsequent CLKOUT. 


Arefresh is requested when the value of the counter has 
reached 1 and the counter is reloaded from CDRAM. In 
order to avoid missing refresh requests, the value in the 
CDRAM register should always be at least 18 (12H). 
Clearing the “E” bit at anytime will clear the counter and 
stop refresh requests, but will not reset the refresh ad- 
dress counter. 


POWER-SAVE CONTROL 
Power-Save Operation 


The 800186, when in Enhanced Mode, can enter a 
power saving state by internally dividing the processor 
clock frequency by a programmable factor. This divided 
frequency is also available at the CLKOUT pin. The 
PDCON register contains the 3-bit fields for selecting 
the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit and 
the timers, will have their clocks slowed down by the di- 
vision factor. To maintain a real time count or a fixed 
DRAM refresh rate, these peripherals must be 
reprogrammed when entering and leaving the Power- 
Save Mode. 


The Power-Save Mode is exited whenever an interrupt 
is processed by automatically resetting the enable bit. If 
the Power-Save Mode is to be re-entered after serving 
the interrupt, the enable bit will need to be set in soft- 
ware before returning from the interrupt routine. 


The internal clocks of the 800186 will begin to be di- 
vided during the T3 state of the instruction cycle that 
sets the enable bit. Clearing the enable bit will restore 
full speed in the T3 state of that instruction. 


The AMD 80C 186 is a static design and as such has no 
minimum clock frequency. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
MDRAM: 
oftset con LM&@_[M5 | M4 [ma [m2 [mi [Mo] o [o | o | o | o fo }olfoto 
Bits 15-9: M6—MO are address bits A19-A13 of the 20-bit memory refresh address. These bits should correspond to any 
chip select address to be activated for the DRAM partition. These bits are cleared to 0 at RESET. 


Bits 8—O: Reserved, read back as 0. 
13087D-039 


Figure 38. Memory Partition Register 





A19 A18 A17 A16 A15 A1l4 Ai3 A1l2 Ali Ai0 AQ A8 A7 AG AS A4 A3 A2 Ai AO 


[M6] Ms] M4] Ma] M2] Mi] Mo] o | 0 | 0 [cas|ca7|cas|cas|cas|cas|caz|cai|cao] 1 | 


Mé—-MO: Bits defined by MDRAM Register. 
CA8~CA0: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they 


do not directly follow a binary count, but each value is achieved once. 
13087D-040 


Figure 39. Addresses Generated by RCU 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
CDRAM: 
orfeote2nLo 1° |o [o [o | o |o |cs {cz | ce | os | ca] ca} ca] ci{ co 
Bits 15-9: Reserved, read back as 0. 
Bits 8-0: C8-CO, clock divisor register, holds the number of CLKOUT cycles between each refresh request. 
13087D-041 
Figure 40. Clock Pre—Scaler Register 


14 13 12 11 10 9 


15 8 7 6 5 4 3 2 i 0 
ofeteiLE |o [o Jo [o [o [o {re | | ts {ts | t4 | 13 | t2 | 1 | To | 


Bit 15: Enable RCU, set to 0 on RESET. 
Bits 14-9: Reserved, read back as 0. 


Bits 8-0: T8-—TO refresh counter outputs. Read only. 
13087D-042 


Figure 41. Enable RCU Register 


PDCON: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ofsatFoH LE 1° 1° }o |o |}o fo f|o jo fo fo [of of Fe] Fi | Fo 

Bit 15: Enable Power-Save Mode. Set to 0 on RESET. 

Bits 14-3: Reserved, read back as 0. 


Bits 2-0: Clock Divisor Select. 


F2 Fi FO Divider Factor F2 F1 FO _ Divider Factor 
Oo O 0. Diide by1 1 0 O _ Divide by 32 

0 O 1 _ Divide by 4 1 #0 1 Divide by 64 

oO 1  4O Divide by8 1 1  #O Divide by 128 
o 1 1 Divide by 16 1 #1 1 Divide by 256 


13087D-043 
Figure 42. Power-Save Control Register 
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Interface For 80C187 Numeric Processor 
Extension 


In Enhanced Mode, three of the mid-range memory chip 
selects are redefined according to Table 15 for use with 
the 80C187. The fourth chip select, MCS2, functions as 
in Compatible Mode, and may be programmed for activ- 
ity with ready logic and wait states accordingly. As in 
Compatible Mode, MCS2 will function for one-fourth a 
programmed block size. 





Table 15. MCS Assignments 














Enhanced 
Mode 


Compatible 





PEREQ Processor Extension Request 
ERROR NPX Error 

MCS2 Mid-Range Chip Select 
NPS Numeric Processor Select 



















Four port addresses are assigned to the 80C186/ 
80C187 interface for 16-bit reads and writes. Table 16 
shows the port definitions. These ports are not accessi- 
ble by using the 80C186 I/O instructions. However, 
numerics operations will cause a PCS line to be acti- 
vated, if it is properly programmed for this 1/O range. 


AMD a4 


Table 16. Numeric Coprocessor V/O 
Port Assignments 


Read 
Definition 


















Write 
Defintion 


VO 
Address 






Status/Control Opcode 
OOFAH Data Data 
OOFCH Reserved CS:IP, DS:EA 






Opcode Status Reserved 


ONCE Test Mode 


To facilitate testing and inspection of devices when fixed 
into a target system, the 80C186 has a test mode avail- 
able which allows all pins to be placed in a high-imped- 
ance state. ONCE stands for “ON Circuit Emulation.” 
When placed in this mode, the 80C 186 will put all pins in 
the high-impedance state until RESET. 


The ONCE Mode is selected by typing the UCS and 
the LCS Low during RESET. These pins are sampled 
on the low-to-high transition of the RES pin. The UCS 
and LCS pins have weak internal pull-up resistors, simi- 
larto the RD and TEST/BUSY pins, to guarantee normal 
operation. 








Ss Ss SSS PSs 
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1 la 








Address 






A19-A16, 
AD15-ADO 





interface 
Hardware 


13087D-044 


Figure 43. Typical 80C186 System 
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ABSOLUTE MAXIMUM RATINGS 
Ambient temperature under bias (Ta) . . 0°C to +70°C 
Storage temperature ............ —65°C to +150°C 


Voltage on any pin with 
respect to ground ........... -1.0Vto +7.0V 


Package power dissipation ................. 1W 
Not to exceed the maximum allowable die temperature 


AMD Pm | 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


based on thermal resistance of the package. 


DC CHARACTERISTICS over operating ranges 
Ta= 0°C to +70°C, Vec = 5 V+10% 






















Vis Clock Input Low Voltage (X1) Po | V 
Vin Input High Voltage (Except X1, 0.2 Vee +0.9 am +0.5 Vv 
RES, ARDY, and ams 
Vins Input High Voltage | Input High Voltage (RES) | | Vec40.5 | +0.5 Vv 
Vina Clock Input High Voltage (X1) ae Ree | Vec+0.5 +0.5 Vv 
Vou Output Low Voltage lo. = 2.5 mA (S2-S0) Vv 
lo. = 2.0 mA (others) 
Vou Output High Voltage lon = -2.4 mA @ 2.4 V Vv 
Ico Power Supply Current 
20 MHz, 0°C Vee = 5.5 V® 100 mA 
16 MHz, 0°C Vec = 5.5 V® 80 mA 
12.5 MHz, 0°C Veco = 5.5 VO 65 mA 
10 MHz, 0°C Vec = 5.5 VO) 50 mA 
DC, 0°C Vec = 5.5 V® 100 pA 
lu Input Leakage Current @ 0.5 MHz 0.45V < Vin ¢ Vec aes ee ae pA 
io | Output Leakage Curent @ O5Miiz | 045VeVareva” | +10 «| xa 
Mans || (Cock Out Law Lacdona [os fv 
Cio Output or I/O Capacitance @ 1 MHz® a a pF 


Notes: 1. Pins being floated during HOLD or by invoking the ONCE Mode. 


is not tested. 


3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, CCS, MCSO/PEREQ, MCS1/ERROR, and TEST/BUSY pins have intemal pull-up devices. Loading some of 


these pins above lon = -200 A can cause the 80C 186 to go into altemative modes of operation. 


2. Characterization conditions are: a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vin @ +5.0 V or 0.45 V. This parameter 
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Power Supply Current 


Current is linearly proportional to clock frequency and is 
measured with the device in RESET with X1 and X2 


driven and all other non-power pins open. 


Maximum current is given by Icc=5 mA x freq. (MHz). 





Typical current is given by Icc (typical) = 3.5 mA x freq. 
(MHz). “Typicals” are based on a limited number of sam- 
ples taken from early manufacturing lots measured at 
Vcc=5 V and room temperature. “Typicals” are not 
guaranteed. 








4 8 12 16 
Clock Frequency (MHz) 13087D-045 
Figure 44. Icc versus Frequency 
Parameter Number with Description 
Symbol Parameter Symbol Parameter 
Name # Parameter Description Name # Parameter Description 
tarycn 49 ARDY Resolution Trans. Setup Time _tewox 30 Data Hold Time 
anyon. 51 ARDY Inactive Holding Time tevov 7 Data Valid Delay 
tanviet 52 ARDY Setup Time terpx 2 Data in Hold (A/D) 
taven 14 Address Valid to Clock High tounav 62 HLDA Valid Delay 
tavu. 12 Address Valid to ALE Low teu 23 LOCK Valid/Invalid Delay 
tazrt 24 Address Float to RD Active torn 27 RD Inactive Delay 
tenscHe 45 CLKOUT Rise Time tour. 25 RD Active Delay 
tencx 38 CLKIN High Time tetro 61 Reset Delay 
tere 44 CLKOUT High Time teisH 4 Status Inactive Delay 
tenesx 18 Chip-Select Inactive Delay teisry 48 SRDY Transition Hold Time 
tencrv 22 Control Active Delay 2 tour 55 Timer Output Delay 
tenev 64 Com. Lines Valid Delay (after Float) teverv 20 Control Active Delay 1 
tevez 63 Com. Lines Float Delay teverx 31 Control Inactive Delay 
tenox 8 Status Hold Time tevoex 21 DEN Inactive Delay 
tony 9 ALE Active Delay texcsx 17 Chip-Select Hold from Com. Inactive 
ton 11 ALE Inactive Delay tover 1 Data in Setup (A/D) 
tcusv 3 Status Active Delay toxor 19 DEN Inactive to DT/R Low 
tevosv 56 Queue Status Delay tver 58 HOLD Setup 
toca 41 CLKIN to CLKOUT Skew tinve 53 INTx, NMI, TEST, TMR IN Setup Time 
tort 39 CLKIN Fall Time tinvet 54 DRQO, DRQ1 Setup Time 
toxn 36 CLKIN Period tune 10 ALE Width 
tern 40 CLKIN Rise Time tuax 13 Address Hold from ALE Inactive 
tevzcu 46 CLKOUT Fall Time tresin 57 RES Setup 
totanx 50 ARDY Active Hold Time tanav 29 RD Inactive to Address Active 
tetav 5 Address Valid Delay tenn 28 RD Inactive to ALE High 
totax 6 Address Hold tataH 26 RD Pulse Width 
toiaz 15 Address Float Delay tsrver 47 SRDY Transition Setup Time 
toren 43 CLKOUT Low Time twupex 35 WR Inactive to DEN Inactive 
terex 37 CLKIN Low Time twupx 34 Data Hold after WR 
terer 42 CLKOUT Period two 33 WR Inactive to ALE High 
teresv 16 Chip-Select Active Delay twown 32 WR Pulse Width 
50 800186 


PRELIMINARY AMD ie 


SWITCHING CHARACTERISTICS 
Major Cycle Timings (Read Cycle) 
Ta=0°C to +70°C, Vec=5 V +10% 







Parameter 
[sym [ Description | Min | Mac | Min | Max | Min | Max | Min | Max | Uni 


80C186 General Timing Requirements (listed more than once) 


1 [tv [Datainseup(vd) | 15 | | 5 | ts tos 
2 [tax |DatainHold (AD) | 3 | | 8 TC 8 ts 


80C186 General Timing Responses (listed more than once) 


3 [tony [Status ActiveDelay —|_—5_ | 45 | 5 | 35 | 5 | 31 | 3 | 29 | ns 
4 |tasw | StatusinactiveDelay | 5 | 46 | 5 | 35 | 5 | 30 | 3 | 29 | ns 
5 |tuwv [Address ValidDelay —|_—5_ | 44 | 5 | 36 | 5 | 33 | 3 | 25 | ns 
6 [tux [AddessHoid sf oo | | oT | tf to ts 
7 |tu |DataValidDelay | 5 | 40 | 5 | a6 | 5 | 33 | 3 | 2s | is 
8 a ns 
9 | | 20 | is 


— — terer—1 a — a oe 5 


11 | teu: | ALE Inactive Delay ns 


12 | tvu | Address Valid to ALE Low* ae sige eee a “ae sant a ns 
=20 =11 = 15 

13 Address Hold from ALE teno-15 tener—-15 toner—-15 terer—-10 - 
Inactive* = 29 = Ss = = = 4 


14 | ton | Addr Valid to Clock High | 0 | | ns 
15 feats faa] [eel fee fee] ns 


16  toucsv | ap: -Select Active Delay Beak = ns 


Sol 
Ganinend Inactive* = 34 =25 = 16 = 10 
18 | tcncsx | Chip-Select Inactive Delay | 5 | 35 | 5 | 30 | 5 | 25 | 3 | 20 | ns 
19 | tom | DEN InactivetoDT/ALow | o | | o | | o | {| o | [ns 
20 | tovery | Control Active Delayi** | 3 | 44 | 3 | 37 | 3 | 31 | 3 | 22 | ns 
21 |towe| DEN InactiveDelay | 5 | 44 | 5 | a7 | 5 | st | 822 | ns 
22 | texew | Control Active Delay2* | 5 | 44 | 5 | 37 | 5 | 31 [| 3 | 22 | ns 
23 | tcuv [COCK Valid/invalid Delay | 3 | 40 | 3 [| 37 | 3 | 35 | 3 | 22 | ns 


800186 Timing Responses {Read cyere) 


a ep ee 


— a . Ht 





# 


RD Inactive Delay 


taxis | RD Inactive to ALE High* or an ae ea 2 
=21 =12 =6 
15 -15 -15 ~15 
RD Inactive to Addr Active* on lever tere: tever- 
= 85 =65 = 47 =35 


*Equal Loading All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
**DEN, INTA, WR All output test conditions are with C. = 50-200 pF (10 MHz) and Cx = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vit = 0.45 V and Vin= 2.4 V, except at X1 where Vin = Vee -— 0.5 V. 
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Read-Cycle Waveforms 
th 
| | tw 
v 


pace Aig Mn ee 
35-50 (4) (Note 1) 
/// 


[og 


| ts 





va 
Eh 
I] Pr 


ite F BHE, A19-A1§ BHE, S6-S3 
r = 
ne ALL Bs © 
4 
{itd oy, 


ri 
fia 
fal 





= 
an 
i 
®| bey 
® 
SL 
ee 


mY 
sia “Tt Reh 
PCS, NPS (Note 2) ® 
DEN 
f (Note 3) 
DTA ‘ 


- 
22) 2) (Note 5) 
= @ 
ee 
[\ [N 


Notes: 1. Status inactive in state preceding bt. 
2. If latched A1 and A2 are selected instead of PCS5 and PCS6, only tccesv is applicable. 
3. For write cycle followed by read cycle. 
4. ts of next bus cycle. 
5. Changes in t-state preceding next bus cycle if followed by write. 
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SWITCHING CHARACTERISTICS (continued) 


Major Cycle Timings (Write cycle) 
Ta=0°C to +70°C, Vec=5 V+10% 












Preliminary 


Parameter 
| Min [ Max} Min | Max [ Min | Max | Min | Max | 





80C186 General Timing Responses (listed more than once) 
pos | 4 { 5 | 35 | 5 {| 31 | 3 | 24 | 
4 | os | 46 | 5s | 35 | 5 | 30 | 
| 44 | os | cee | 
Sorel 


ALE Width 


ALE Inactive Delay 


Address Valid to ALE Low* = 
Address Hold from ALE 
Inactive* = 


i 


iT] 
R 


& 
. : 
ied ed 
© QO 4 
ro) 


toca | Chip-Select Active Delay 


: Chip-Select Hold from 
| Command Inactive* 


toxo._| 
[overs 


u 
£ 


VI 
Addr Valid to Clock High 
H 


te 

toxo. | DEN Inactive to DT/R Low 

teverv | Control Active Delay 1** 
LOCK Valid/Invalid Delay 


800186 Timing Responses (Write Cycle) 
Data Hold Time Ee ee ee ee ee 
teverx | Control Inactive Delay* | 3 | 44 | 


) 3 | a7 | 3 ft | 3 fe 
2tea—30 5 5 2tcrc.~20 
F «og ff tcuce—14 tercu-14 tercu~-14 tercr—-14 
. tever-34 tevci-20 tevci-20 terc-17 
tevex-10 tevcr-10 10 tore 
WR Inactive to DEN Inactive* eee i 
= 34 = 25 = 16 =10 


*Equal Loading 
“DEN, INTA, WR 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50-200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Voc — 0.5 V. 














31 
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Write-Cycle Waveforms 


eee wilt 


BHE, 
A19/S6-A16/S3 





AD15-ADO 


CCS, MCS, UCS, 
PCS, NPS (Note 2) 


DT/R 





Notes: 1. Status inactive in state preceding ts. 
2. Iflatched A1 and A2 are selected instead of PCS5 and PCS6, only te.esv is applicable. 
3. For write cycle followed by read cycle. 
4.t: of next bus cycle. 
5, Changes in t-state preceding next bus cycle if followed by read, INTA, or halt. 
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SWITCHING CHARACTERISTICS (continued) 
Major Cycle Timings (Interrupt Acknowledge Cycle) 


Ta=0°C to +70°C, Voo=5 V +10% 
Parameter 80C186 80C186-12 80C186—16 80C186-—20 
| Min | Max | Min [ Max [ Min | Max | Min | Max_{ Unit 


80C186 General Timing Requirements (listed more than once) 


1 Data In Setup (A/D) 
2 | teiox | Data In Hold (A/D) 


80C186 General Timing Responses (listed more than once) 


Status Active Delay 
| 5 | 
=a 






# 








pm] 
n 


a ee ee ee 
ee ee 













Status Inactive Delay 
Address Valid Delay 
Address Hold 

Data Valid Delay 
Status Hold Time 
ALE Active Delay 


ALE Width 


ALE Inactive Delay 
Address Valid to ALE Low* a A 


Ese 
46 
oe) 
os 
aoa 
ead 









terer-15 


W 
& 


= 26 


Address Hold from ALE tener—15 
Inactive* 


Addr Valid to Clock High 
Address Float Delay 
DEN Inactive to DT/R Low* 
Control Active Delay 1** 
DEN Inactive Delay 
o™ | (Non-Write Cycles) 

terery | Control Active Delay 2** 
LOCK Valid/Invalid Delay 
Control Inactive Delay** 


tccr—-10 
= 10 


& 
" 
° 
~N 


-« 
ie] 
x 
So 
r 


ul 
8 
elelel = fel lel] | fel fel fel 
e 
A 
an 





LLY 


teverx 


ao 
oO 
log 
mre 
roa) 
i 
= 
ao 
oi 


FEE 





*Equal Loading 
“DEN, INTA, WR 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C, = 50-200 pF (10 MHz) and Cx = 50-100 pF (12.5-20 MHz). 


For AC tests, input Vit = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Veo — 0.5 V. 
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Interrupt Acknowledge Cycle Waveforms 


tr te | ts ; | te 
vere: (Note 1) Li 
52-50 @) 
hs - LLL ei 
leh a ; 
A19/S6-A16/S3 Pee BHE, S6-S3 B 


© 


fel 

Pe 
re | | 
Lite & 


(Note 4) 


ALE 


paar: 


© 


: 
LT CS 
Staak 


AD15-ADO 


DUR 
@ 2) (Note 6) —h 


COCK 
(Note 5) 


q 
© 
j 
® 


Notes: 1.Status inactive in state preceding t. 
2.The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to teupx (min). 
3.INTA occurs one clock later in Slave Mode. 
4.For write cycle followed by interrupt acknowledge cycle. 
§.LOCK is active upon tof the first interrupt acknowledge cycle and inactive upon tz of the second interrupt acknowledge cycle. 
6.Changes in t-state preceding next bus cycle if followed by write. 
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SWITCHING CHARACTERISTICS (continued) 
Software Halt Cycle Timings 
Ta=0°C to 70°C, Vec=5 V +10% 




















Preliminary 
Parameter 
# [Sym | Description |S Min_ | Max | Min [| Max | Min | Max | Min | Max | Unit 





80C186 General Timing Responses (listed more than once) 


ee 
[tum | Status InactveDelay | 5 | 46 | 5 | 35 | 5 | 30 | 3 | 24 | 
je 
a 


na 5 terer-15 terer-15 terc.-15 
ie facwn fee] el fel eel 
1 
19 Re DEN iste we OTL ee 


Nex| Conve actve Doe” | s [« [sa ]s[s ]s [2] 


*Equal Loading 
**DEN, INTA, WR 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-20 MHz). 
For AC tests, input Va = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Voc — 0.5 V. 

















Software Halt Cycle Waveforms 


| tr | te | ti ti 
—— Sak 
sso © 
A19/S6-A16/S3, (S) 
AD15—ADO Invalid Address 
ALE 


@ 0) 


é (Note 1) 


DT/R 


@ 


Note: 1. For write cycle followed by halt cycle. 
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SWITCHING CHARACTERISTICS (continued) 


Clock Timings 
Ta =0°C to 70°C, Vec=5 V+10% 















Parameter 
# [Sym [Description | Min [Max] Min [Max] Min [Max] Min | Max 


800186 CLKIN Requirements 
Measurements taken with the following conditions: External clock input to X1 and X2 not connected (float). 


ftan [OLKINPeroa ‘| so | | | | o | | 2 | | 
isc [our towine sve [a0 [Pe Ps os 
‘tace | CLKIN High Tine 1.5v@ [20 || 16 || 18 || 95 |_| 
‘toon [CLKINFalTimeas10v) | 6] .s}[s|] |] 
emcee A CRA | PE 
800186 CLKOUT Timing 

41 [to [CUKIN1o CLKOUT Skew [Je] [a] [wv] |W 
Ft [CLKOUTPerod | too | {eo | |e | | 50 | 


woe 1009 sa} tae fast 
0.5 teter 0.5 terer 0.5 teter 0.5 tetct 
= 2) 
C.= 100 pP -8 = 42 -7=33 -~7=24 ~7=18 
_6= 44 _5- 35 _5= 26 ~5=20 
0.5 terct -8 0.5 tere -7 0.5 teuct -7 0.5 tetcr -7 
= 4) 
Ci = 100 pF = 42 =33 = 24 =18 
0.5 teuct -6 0.5 tere. -5 0.5 tere. -5 0.5 tetcr -5 
= 3) 
See eee) eee) | = 26 Le 
te CLKOUT Rise Time 
MICH?) 4.0-3.5 V 
te CLKOUT Fall Time 
2011 3.5-1.0V 


All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz). 
For AC tests, input Via = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vec — 0.5 V. 





























45 





Notes: 1. teuck and tcxcx (CLKIN Low and High times) should not have a duration less than 40% of tcxn. 
2. Tested under worst case conditions: Vcc = 5.5 V (5.25 V @ 20 MHz), Ta = 70°C. 
3. Not tested. 
4. Tested under worst-case conditions: Vcc = 4.5 V (4.75 V @ 20 MHz), Ta = 0°C. 


Clock Waveforms 


@ 


x1 





CLKOUT 





58 80C186 


PRELIMINARY AMD ft 


SWITCHING CHARACTERISTICS (continued) 
Ready, Peripheral, and Queue Status Timings 
Ta=0°C to 70°C, Vec=5 V +10% 












Preliminary 





Parameter 
# |sym.| Description Min’ | Max | Min | Max | Min | Max | Min | Max | Unit 





80C186 Ready and Peripheral Timing Requirements 

47 a a ee 
[tos | SRDYTransitionHoldTime | 15 | | as | | 5 | | to | 
[ton | ARDY Res. Transition SetupTime® | 15 | | 15 | | 1s | | to | | 
[tourx | ARDY ActiveHoldTime” | ts | | as | | ts | | to | 
pis | ts | ts | to 
52 |twmal| ARDY SetupTime? ft 25 | | 2s | te | UT ol | 


53 Peripheral Setup®: INTx, NMI, 
TMR IN, TEST/BUSY 
54 | tive. | DRQO, DRQ1 Setup Time® Ro ee 


80C186 Peripheral and Queue Status Timing Responses 


[tanw | TimerOutputDelay | | 40 | Ta |e | 
[torosy | Queue StatusDelay | | a7 | se] | 


All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vec — 0.5 V. 






























Notes: 1. To guarantee proper operation 
2. To guarantee recognition at clock edge 





Synchronous Ready (SRDY) Waveforms 


tw ort ort orts| tw or ts Or te | tw OF ts | te 





CLKOUT 


SRDY 
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Asynchronous Ready (ARDY) Waveforms 


| tw orts ort ort| tw or ts or te | tw or ts 


CLKOUT 


©) 


ARDY 
(Normally Not 


Ready System) 
® 
© 67) 


ARDY 
(Normally Ready 


System) 6 6) 


“i 


Peripheral and Queue Status Waveforms 


_ Lo 
INT3-INTO, NMI, 
TEST, TMR IN 
2 = 
DRQO, DRQ1 
TMR OUT 
QSo, QS1 
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SWITCHING CHARACTERISTICS (continued) 
RESET and HOLD/HLDA Timings 
Ta=0°C to +70°C, Vec=5 V+10% 
























Parameter 

i | Min | Max | Min { Max | Min | Max | Min | Max | Unit 
80C186 RESET and HOLD/HLDA Timing Requirements 
57 [trem | RESSetup 5 | ts Tt | to 
58 a ee 
80C186 General Timing Responses (listed more than once) 

ps5 | 44 ts | 36 | cs | 3 | 5s | 30 | 

jtoux=0] 30 | teux=0] 25 [tux=0] 20 |tame=o] 17 _| 
80C186 RESET and HOLD/HLDA Timing Responses 

eae a ee ee 

A 






[tcnez_| Command Lines FloatDelay |_| 40 Gand Goa ae 


es Command Lines Valid 
as Delay (after Float) 


All mings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with Ci = 50-200 pF (10 MHz) and Cx = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vcc — 0.5 V. 





Notes: 1. To guarantee recognition at next clock. 


RESET Waveforms 
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HOLD/HLDA Waveforms (entering HOLD) 


| 
CLKOUT eS Oe 


t ort, 


HOLD 


HLDA Ke 


AD15-ADO, DEN 800186 


els 


A19/S6-A16/S3, RD, WR, 


BHE, DT/R, S2-S0, LOCK 800186 ¢ 


HOLD/HLDA Waveforms (leaving HOLD) 


| t | t 


CLKOUT 


HOLD 


HLDA 
AD15-AD0, DEN ——————$ 


A19/S6~-A16/S3, RD, WR, 
BHE, DT/R, S2-S0, LOCK 
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EXPLANATION OF THE SWITCHING 
SYMBOLS 


Each timing symbol has from five to seven characters. 
The first character is always a “t” (stands for time). The 
other characters, depending on their positions, stand for 
the name of a signal or the logical status of that signal. 
The following is a list of all the characters and what they 
stand for. 


A: Address 

ARY: Asynchronous Ready Input 
C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (DT/R, DEN, ...) 
D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO, . . . ) 
L; Logic Level Low or ALE 
O: Output 

Qs: Queue Status (QS1, QS2) 
R: RD Signal, RESET Signal 
S: Status (S2, ST, SO) 

SRY: Synchronous Ready Input 
V: Valid 

W: WR Signal 

x: No Longer a Valid Logic Level 
Zz: Float 

Examples: 


tcav—Time from Clock Low to Address Valid 
tcxtr-—Time from Clock High to ALE High 
te.csy—Time from Clock Low to Chip Select Valid 


AMD al 
800186 EXECUTION TIMINGS 


A determination of 80C186 program execution timing 
must consider bus cycles necessary to prefetch instruc- 
tions, as well as the number of execution unit cycles 
necessary to execute instructions. The following in- 
struction timings represent the minimum execution time 
in clock cycles for each instruction. The timings given 
are based on the following assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, has 
been prefetched and resides in the queue at the time 
it is needed. 


e No wait states or bus HOLDs occur. 
e All word-data is located on even-address boundaries. 


Alljumps and calls include the time required to fetch the 
opcode of the next instruction at the destination ad- 
dress. 


All instructions which involve memory access can re- 
quire one or two additional clocks above the minimum 
timings shown due to the asynchronous handshake 
between the bus interface unit (BIU) and execution unit. 


With a 16-bit BIU, the 80C186 has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue most of the 
time. Therefore, actual program execution time will not 
be substantially greater than that derived from adding 
the instruction timings shown. 
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Waveforms (continued) 
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6 ® = High-to-Low 
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Figure 45. Capacitive Derating Curve for Typical Output Delay 


X=2Vt00.8V 
0=0.8Vto2V 
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13087D-047 
Figure 46. TTL Voltage Level Rise and Fall Times for Output Buffers 
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13087D-048 
Figure 47. CMOS Voltage Level Rise and Fall Times for Output Buffers 
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INSTRUCTION SET SUMMARY 
















































AMD a | 
cles Comment 





Function Format 

MOV=Move: 

Reglster to register/memory 

Register/memory to register mod reg r/m 

Immediate to registar/memory ae ee Ee B/16-bit 

Immediate to register 8/16-bit 

Memory to accumulator addr-high 

pci 

Register/memory to segment register mod 0 reg rm 

Segment register to register/memory mod 0 reg r/m 

PUSH =Push: 

Memory 

Register 

Segment register 

Immediate” data ifs=0 

PUSHA= Push All* 

POP =Pop: 

Memory [19001111 | moaooorm | 

Register 

Segment register (reg #01) 

POPA=Pop Ar 

XCHG =Exchange: 

Register/memory with register 

Register with accumulator 

IN = Input from: 

Fixed pot |t110010w | pot | 

Variable port | 1110110w | 

OUT= Output to: 

Fixed port 

Variable port 

XLAT =Transliate byte to AL 

LEA =Load EA to register mod reg r/m 

LDS =Load pointer to DS mod reg r/m | (mode11) | 

LAHF =Load AH with flags 

SAHF = Store AH into flags 

PUSHF = Push flags 

POPF=Pop flags | 10011101 | 

“Indicates instructions not available in 8086 or 8088 microsystems. 
80C186 65 


fA ao PRELIMINARY 
INSTRUCTION SET SUMMARY (continued) 


Function Format | Glock | Comment 



































































DATA TRANSFER (Continued) 

SEGMENT = Segment Override: 

cs 00101110 

ss 00110110 

ps poorit110 | 

ES 00100110 

ARITHMETIC: 

ADD = Add: 

Reg/memory with register to either 000000dw mod reg r/m 

Immediate to register/memory 100000sw mod 000r/m data ifs w=01 

Immediate to accumulator 0000010w 8/16 -bit 
ADC = Add with carry: 

Reg/memory with register to elther 000100dw 

Immediate to register/memory 100000sw mod 0 10 r/m 

Immediate to accumulator 0001010w | data | datattw=1 | B/16-bit 
INC =Increment: 

Reglster/memory 

Register 

SUB <Subtract: 

Reg/memory and register to either 001010dw 

Immediate from register/memory 100000sw mod 10 11/m | data 

Immediate from accumulator 00010110w B/16-bit 
SBB = Subtract with borrow: 

Reg/memory and register to either 000110dw 

Immediate from register/memory 100000sw mod 0 1 115/m data fs w=01 

Immediate from accumulator 0001110w | data data if w=1 8/16-bit 
DEC= Decrement: 

Register/memory baaaitiiw | mod 00 1 r/n 

Register 0100 1reg 

CMP «= Compare: 

Registermemory wih register — | 0011101w | modrogiim _ 

Register with register/memory 0011100w mod reg r/m 

Immediate with register/memory 100000sw mod 111r/m data fs w=01 

Immediate with accumulator 8/16-bit 


| 00111 10W | 
NEG =Change sign register/memory P441t011w | 
AAA=ASCIl adjust for add | 00110111 | 
DAA = Decimal adjust for add 
AAS = ASCII adjust for subtract 

DAS = Decimal adjust for subtract 


MUL = Multiply (unsigned) 


Register-Byie 
Register-Word 
Memory-Byte 
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INSTRUCTION SET SUMMARY (continued) 


Function 


ARITHMETIC (Continued) 

IMUL = Integer mukiply (signed) 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

IMUL = Integer Immediate multiply 
(slgned)* 

DIV = Divide (unsigned): 

Register-Byte 

Rouister: ord 

Memory-Byte 

Memory-Word 

IDIV = Integer divide (signed) 


Register-Byte 
Register-Word 


Memory Word 

AAM = ASCII adjust for multiply 
AAD = ASCIl adjust for divide 

CBW =Convert byte to word 

CWD =Convert word to double word 


Format 


mod 10 1 4r/m 


01101081 mod reg r/m 


mod 110 r/m 


mod 111 1/m 





00001010 






11010100 
00001010 






10011000 






10011001 
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Loaic 
Shift/Rotate Instructions: 
Register/Memory by 1 1101000w 2/15 
Roglstar Memory by CL [1101001 | moaTrTom_| Semizen 
TIT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 
AND = And: 
Reg/memory and register to either 001000dw 
Immediate to register/memory 1000000w mod 100r/m | data | atattw=1 | 
Immediate to accumulator 0010010w | data | datatw=1 | 8/E-bit 
TEST= And function to flags, 
ho result: 
Register/memory and register 1000010w mod reg r/m 
Inmedatedataandgstormemony [1111011 [mesooorm | aia | caatwai_| 
Immediate data and accumulator 1010100w | data 8/16-bit 
OR=Or: 
Reg/momory and register to either |000010dw 
Immediate to register/*memory 1000000w | modo01rm | data] dataitwa1 | 
Immediate to accumulator 0000110w | data | datatw=1 | 8/16-bit 
XOR = Exclusive or: 
Reg/memory and register to either 001100dw 
Immediate to register/memory 1000000w mod110r/m | ata | atatw=a | 
Immediate to accumulator 0011010w | data | datatwe1 | 8/16-bit 
NOT = Invert register/memory: lt411011w | mod010r/m 
*Indicates instructions not available in 8086 or 8088 microsystems. 
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INSTRUCTION SET SUMMARY (continued) 


Function Format 


1010010w 


STRING MANIPULATION: 
MOVS = Move byte/word 


CMPS = Compare byte/word 
SCAS = Scan byte/word 






LODS = Load byte/wd to AL/AX 
STOS = Store byte/wd from AL/A 
INS = Input byte/wd from DX port’ 
OUTS = Output byte/wd to DX port* 





Repeated by count In CX (REP/REPE/REPZ/PEPNE/PEPNZ) 


MOVS = Move string 





CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 
INS = Input string’ 
OUTS = Output string’ 















CONTROL TRANSFER 
CALL = Call: 
Direct within segment 11101000 disp-high 


mod 0 1 0 r/m 


10011010 segment offset 
segmen selector 
prattitt | mod0111/m (mod + 11) 


Register memory indirect 
within segment 







Direct intersegmen 





Indirect intersegment 





JMP = Unconditional Jump: 


ae fiver | aren | 
Direct within segment 
Register/mem indirect within segment mod 100r/m 


Direct Intersegment 


Indirect Intersegment EERERELL mod 10 11/m (mod + 11) 


RET = Return from CALL: 
Within segment 11000011 
11000010 data igh 


11001010 data-high 


*Indicates instructions not available in 8086 or 8088 microsystems. 













Within seg adding Immed to SP 






Intersegmert 
Intersegment adding immediate to SP 
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INSTRUCTION SET SUMMARY (continued) 


Function 


CONTROL TRANSFER (Continued): 


JE/JZ = Jump on equal zero 


JL/JNGE = Jump on less/ 
not greater or equa! 


JLE/JNG=Jump on less/ 
or equal not greater 


JB/JNAE = Jump on below/ 
not above or equal 


JBE/JNA = Jump on below or 
equ above 


JP/JPE = Jump on parity/ 
parity even 


JO =Jump on overtiow 
JS =Jump on sign 


JNE/JNZ =Jump on not equal 
not zero 


JNUJGE =Jump on not less 
greater or equal 


JNLE/JG=Jump on not less/ 
or equal/greater 


JNB/JAE = Jump on not below 
above or equal 


JNBE/JA=Jump on not below 
or equal/above 


JNP/JPO = Jump on not 
par/par odd 


JNO =Jump on not overflow 
JNS = Jump on not sign 
JCXZ=Jump on CX zero 
LOOP =Loop CX Times 


LOOPZ/LOOPE =Loop while 
zero/equal 


LOOPNZ/LOOPNE = Loop while 
not zero/equal 


ai aa = Enter Procedure* 
t>t 

LEAVE = Leave Procedure 
INT = Interrupt: 

Type specified 

Type 3 

INTO =Interrupt on overflow 


IRET=Interrupt return 


BOUND = Detect value out of range” 








Clock 
Format Cycles Comment 
01110100 | = disp —| JMP not 
Forssito0 | ap st 
taken 
01110010 
01110000 
01111000 
oviiittt | dsp | 
porstoo11 | disp | 
portsorss | disp 
01110001 
11100010 LOOP not 
11100001 | disp | takervLOOP 
taken 
11007000 dati 
11001001 
11001100 if INT. taker/ 
HINT. nottakon 


01100010 





“Indicates instructions not available in 8086 or 8088 microsystems. 
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INSTRUCTION SET SUMMARY (continued) 


Function Format 


PROCESSOR CONTROL 
CLC =Clear carry 

CMC =Complement cary 
STC =Set cary 

CLD =Clear direction 
STD = Set direction 
CLI=Clear interrupt 

STI =Set Interrupt 

HLT =Hak 

WAIT = Walt 

ESC =Processor Extension Escape 
LOCK= Bus bck prefix 
NOP =No Operation 


10011TTT 
11110000 
10010000 


mod LLL t/m 


(TTT LLL are opcode to processor extension) 


Footnotes 

The Effective Address (EA) of the memory operand is com- 

puted according to the mod and r/m fields: 

if mod= 11 then r/m is treated as a REG field 

if mod=00 then DISP = 0%, disp-low and disp-high are absent 

if mod=01 then DISP =disp-low sign-extended to 16-bits, 
disp-high is absent 

if mod= 10 then DISP =disp-high: disp-low 

if r/m=000 then EA=(BX) + (SI) + DISP 

if r/m=001 then EA=(BX) + (Di) +DISP 

if r/m=010 then EA=(BP) + (SI) +DISP 

if r/m=011 then EA=(BP) + (Di) +DISP 

if r/m= 100 then EA=(SI) + DISP 

if r/m=101 then EA=(Dl) + DISP 

if r/m=110 then EA=(BP)+ DISP* 

if r/m=111 then EA=(BX)+ DISP 

DISP follows 2nd byte of instruction (before data if required) 

*except if mod=00 and r/m= 110 then EA=disp-high: 

disp-low. 
EA calculation time is 4-clock cycles for all modes, and is 
included in the execution times given whenever appropriate. 


Segment Override Prefix 


Reg is assigned according to the following: 


Segment 

Reg Register 
00 ES 
01 cs 
10 ss 
11 DS 


PRELIMINARY 


Comment 


if TEST=0 





REG is assigned according to the following table: 


16-Bit (w= 1) 8-Bit (w=0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Di 111 BH 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the DI register) are computed using the ES 
segment, which may not be overridden. 
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PHYSICAL DIMENSIONS 


For reference only. Dimensions are measured in inches unless otherwise noted. BSC is an ANSI standard for Basic 
Space Centering. Preliminary; package in development. 


PL 068 









Ww 


.090 
130 





165 
.180 





06753K 
AN7 
12/5/89 CD 
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PQJ-80 
(measured in millimeters) 


13.90 17.30 


0.80 
REF 


Pin 11.D-—»> @ 





TOP VIEW 





SIDE VIEW 


15590C 
BM 43 
7/2241 SG 
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PQR-80 
(measured in millmeters) 


35.87 


——— SO OO 
36.13 35.70 
—— 
31.37 BSC 
—_—— 
31.63 27.87 
13 
25.20 28.1 
BSC 22.20 
13.80 BSC 
14.10 





a 
r | 
i 






Ee Svea came 1 
a mi. 
a Ke otete eheae 
35.7 | 27.87] 22.20 
BSC | 28.13] BSC == nan oe eee — 
35.87 | 31.37 | 95.29] 19.80 .—e =< 
'36.13|31.63] BSC | 20.10 
He UU a Camas 
oe ci 
= SY, | | Gabe Gbaee 





























.80 NOM 
TOP VIEW 
.45 TYP — 
.65 Pitch 
>| fe 
65 4 O00 SIDE VIEW 
1 14833C 
2 BL 45 
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AND is a registered trademark of Advanced Micro Devices, Incorporated. - 
Product names used in this publication are for identification purposes only and may-be trademarks of their respective companies. 
© 1991, Advanced Micro Devices, Inc. 
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80C188 


CMOS High Integration 16-Bit Microprocessor 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 
m © ©Operation Modes Include: 
—Enhanced mode which has 
e DRAM Refresh Control Unit 
e Power-save mode 
—Compatible Mode 


e NMOS 80188 pin-for-pin replacement for 
non-numerics applications 


mu = Integrated Feature Set 


—Enhanced 80C86/C88 CPU 
—Clock generator 

—Two independent DMA channels 
— Programmable interrupt controller 
—Three programmable 16-bit timers 
—Dynamic RAM refresh control unit 


—Programmable memory and peripheral chip 
select logic 


— Programmable wait-state generator 

—Local bus controller 

—Power save mode 

—System-level testing support (high-impedance 
test mode) 


GENERAL DESCRIPTION 


The 800188 is a CMOS high-integration microproces- 
sor. It has features which are new to the 80186 family, 
which include a DRAM refresh control unit, power-save 
mode, and a direct numerics interface. When used in 
“compatible” mode, the 80C188 is 100% pin-for-pin 
compatible with the NMOS 80188 (except for 8087 


Publication # 13088 Rev. B Amendment 
issue Date: November 1991 


@ Available in 20-MHz (80C188-20), 16-MHz 
(80C 188-16), 12.5-MHz (80C188-12), and 
10-MHz (80C188) versions 


@ Direct addressing capability to 1 MByte of 
memory and 64-KByte VO 


Fully static CMOS design 


m= Completely object code compatible with all 
existing 8086/8088 software and also has ten 
additional instructions over 8086/8088 


tw Complete system development 


—There are many vendors making support tools 
for the 80C188. Software tools for the NMOS 
80188 can be used for the 80C188 as can the 
NMOS emulators 


@ Available in: 


—68-Pin Plastic Leaded Chip Carrier (PLCC) 
—80-Pin Plastic Quad Flat Pack (PQFP) 


e In TapePak@ and Trimmed/Formed 
Configurations 


applications). The “enhanced” mode of operation allows 
the full feature set of the 80C188 to be used. The 
80C186 is upward compatible with 8086 and 8088 
software and fully compatible with 80186 and 80188 
software. 
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BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
Top View 


68-Pin Plastic Leaded Chip Carrier 
(PL 068) 








AD15 HLDA 

AD7 HOLD 
AD14 SRDY 

AD6 COCK 
AD13 TEST 

ADS NMI 
AD12 iNTO 

AD4 INT1 

Veo Voc 
AD11 INT2/NTAO 
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Note: Pin 1 is marked for orientation purposes. 
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CONNECTION DIAGRAMS (continued) 
Top View 
80-Pin Plastic Quad Flat Pack' 
(PQJ 80/PQR 80) 


AD15 
N/C 
A16/S3 
A17/S4 
A18/SS 
A19/S6 
RFSH 
WROS1 
ROOQSMD 
ALE/QSO 
N/C 

Ves 

Vss 

N/G 

N/C 

x1 

X2 
RESET 
CLKOUT 
ARDY 
32 

Si 
So 

N/C 


1 
2 
3 
4 
5 
6 
7 
8 
9 





0 


DEN 
MCSO/PEREQ 
MCST/ERROR 


Notes: 1. Available in Trimmed and Formed (PQU 80) and TapePak (PQR 80) packages. 
2. Pin 2 is marked for orientation purposes. 
3. N/C = Not connected. 
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PIN DESIGNATIONS (sorted by Pin Name) 
| Pin Number _| 
Pin Name | PLCC | POFP | 


cc 
A19/S6 65 
eT 0, HA(Z), RZ) 
1 










A18/S5 
A17/S4 
A16/S3 










VO, S(L), HA(Z), R(Z) 















17 


64 
racemase | et | 10 | O,nAO, RO | 
raRDY| 85 | 20] Ab | 
rouxour | 85 | 19 | O.HAIA, RA) | 
ee 
Pao | so | ee] 4s) 
rHDA_| _s1_| 25 | o,HA(A), RCO) | 
Twro | sto | Ac 
inTWSEcECT | a4 | 32 | LAE) | 
TNTanNTas | 42 | 95 V0, AE, b, HAO), RZ 
TNTSINTATIRG | 41 | 36 _|VO, AE, L), HAD), RZ) 
res ——«| | 48 | 10, HAY, RPL) _| 
rock | 48 | 28 | 0, HAG), R(PU) 
PmesopEREG | sa | 39 | VO, HA(), RIPU) 
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[Pin Number — | 
eee cea ee 
PACSTIERROR [_97_| 40 _|VO,HA(),RIPU) 


pacse | 06 | 41 _[ 0 HAH, PU). 
Ce 
rossi | _a1_| 48 | 0, ADO, RO) 
reoseaa | 62] 47 | 0, HAD, RCI) 


30 49 


29 50 
28 51 
52 
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NM 
an 


54 








| 62 | 9 {/0, HAZ), R(PU) 
mes] me | es |S) 
PRESET | 57_—«| «S18 | HAA) 
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fsrpy. | 49 | 7 | SL) 
[Testmusy | 47 | 29 | LR(PU) | 





TMR IN1 

imino | | 33 | 9 
TMR OUT1 57 
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Toss «| as | aS (VO, HALT, POPU) 
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73 
|wrosi | 63 | 8 0, HAZ RZ) 
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On PQFP package the following pins are N/C (No Connect): 2, 11, 14, 15, 24, 43, 44, 62, and 63. 


Key to Pin Description Codes 









Pt | mpany 
[0 fouputony 


S(x) Synchronous: Setup and Hold times must 


be met for proper operation. 















S(E) = Edge Sensitive 
S(L) = Level Sensitive 
Asynchronous: Setup and Hold times guarantee 
signal recognition by the processor. 

A(E) = Edge Sensitive 
A(L) = Level Sensitive 









Description 


Hold Acknowledge: Pin state while processor 
is in the Hold Acknowledge state. 

HA(1) = Internally driven to Vcc 

HA(0) = Internally driven to Vss 

HA(Z) = Internally floated 

HA(A) = Remains active 

HA(X) = Retains current state 


Reset: Pin state while the processor’s/RES 
line is held Low externally. 

R(1) =Internally driven to Vee 

R(0) =Internally driven to Vss 

R(Z) = Internally floated 

R(PU) = Weak internal pull-up 

R(PD) = Weak internal pull-down 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the elements below. 


N 800188 -12 M 


—_ PQFP OPTION 
M = TapePak (PQR 80) 
Blank = Trimmed and Formed (PQJ 80) 
SPEED OPTION 
Blank = 10 MHz 
-12 12.5 MHz 
-16 16 MHz 
-20 20 MHz 
DEVICE NUMBER/DESCRIPTION 
800188 
CMOS High-Integration 16-Bit Microprocessor 
PACKAGE TYPE 
N= 68-Pin Plastic Leaded Chip Carrier (PL 068) 
S = 80-Pin Plastic Quad Flat Pack 
TEMPERATURE RANGE 


i = Industrial (40°C to +85°C) 
Blank = Commercial (0°C to +70°C) 





Valid Combinations 


Valid Combinations list configurations are planned 
to be supported in volume for this device. Consult 
the local AMD sales office to confirm the avail- 
ability of specific valid combinations and to check 
on newly released combinations. 


es 


PQFP 
Tebehee 












$80C188 
PQFP $80C0188-12 
Trimmed 

$80C188-20 





TapePak is a plastic package technology that consists of a POFP surrounded by an external plastic carrier ring. This ring holds 
the unformed leads together during testing and shipping. The customer does the lead trim and form operation prior to board 
installation at whatever standoff, lead length, or angle desired. 


The TapePak is the PQFP configuration recommended by AMD because it virtually eliminates lead coplanarity problems 
since lead trim and form is performed immediately prior to board population. Also, the coin-stack tubes that TapePak comes in 
simplify incoming test and handling. 


Trimmed and formed configuration has AMD doing the trim and form function to a JEDEC standard standoff and lead length. The 
product is shipped in trays. 
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PIN DESCRIPTIONS 


A19/S6, A18/S5, A17/S4, A16/S3 
Address Bus Outputs (Outputs) 


Address Bus Outputs (19-16) and Bus Cycle Status 
(6-8) indicate the four most significant address bits dur- 
ing T1. These signals are active High. 


During T2, T3, TW, and T4, the S6 pin is Low to indicate 
a CPU-initiated bus cycle or High to indicate a DMA- 
initiated bus cycle. During the same T-states, S3, S4, 
and S5 are always Low. These outputs are floated dur- 
ing bus HOLD or RESET. 


A15-A8 
Address-Only Bus (Outputs) 


Address-Only Bus (15-8) contains valid addresses from 
T1-T4. The bus is active High. These outputs are 
floated during a bus HOLD or RESET. 


AD7-—ADO 
Address/Data Bus (Inputs/Outputs) 


Address/Data Bus (7-0) signals constitute the time mul- 
tiplexed memory or I/O address (T1) and data (T2, T3, 
TW, and T4) bus. The bus is active High. These pins are 
floated during bus HOLD or RESET. 


ALE/QS0 
Address Latch Enable/Queue Status (Output) 


Address Latch Enable/Queue Status 0 is provided by 
the 80C188 to latch the address. ALE is active High, with 
addresses guaranteed to be valid on the trailing edge. 


ARDY 
Asynchronous Ready (input) 


Asynchronous Ready informs the 800188 that the ad- 
dressed memory space or I/O device will complete a 
data transfer. The ARDY pin accepts a rising edge that 
is asynchronous to CLKOUT and is active High. The fall- 
ing edge of ARDY must be synchronized to the 80C188 
clock. Connecting ARDY High will always assert the 
ready condition to the CPU. If this line is unused, it 
should be tied Low to yield control to the SRDY pin. 


CLKOUT 
Clock Output (Output) 


Clock Output provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative 
to CLKOUT. CLKOUT is active during RESET and bus 
HOLD. 


DEN 
Data Enable (Output) 


Data Enable is provided as a data bus transceiver out- 
put enable. DEN is active Low during each memory and 
I/O access (including 800187 access). DEN is High 


whenever DT/R changes state. DEN will float during a 
bus HOLD or RESET. 


DRQO, DRQ1 
DMA Requests (Inputs) 


DMA Request is asserted High by an extemal device 
when it is ready for DMA Channel 0 or 1 to perform a 
transfer. These signals are level-triggered and internally 
synchronized. 


DT/R 

Data Transmit/Receive (Output) 

Data Transmit/Receive controls the direction of data 
flow through an external data bus transceiver. When 
Low, data is transferred to the 800188. When High, the 
80C188 places write data on the data bus. DT/R floats 
during a bus HOLD or RESET. 


HOLD, HLDA 
(Input, Output) 


HOLD indicates that another bus master is requesting 
the local bus. The HOLD input is active High. The 
80C188 generates HLDA (High) in response to a HOLD 
request. Simultaneous with the issuance of HLDA, the 
80C188 will float the local bus and control lines. After 
HOLD is detected as being Low, the 80C188 will lower 
HLDA. When the 80C188 needs to run another bus 
cycle, it will again drive the local bus and control lines. 


In Enhanced Mode, HLDA will go Low when a DRAM 
refresh cycle is pending in the 800188 and an external 
bus master has control of the bus. It will be up to the 
external master to relinquish the bus by lowering HOLD 
so that the 80C188 may execute the refresh cycle. 


INTO, INT1/SELECT, INT2/INTAO, 


INTS/INTA1/IRQ 
Maskable Interrupt Requests (Inputs, Input/Output) 


Maskable Interrupt Requests can be requested by acti- 
vating one of these pins. When configured as inputs, 
these pins are active High. Interrupt Requests are 
synchronized internally. INT2 and INT3 may be con- 
figured to provide active-Low interrupt-acknowledge 
output signals. All interrupt inputs may be configured 
to be either edge- or level-triggered. To ensure recog- 
nition, all interrupt requests must remain active until 
the interrupt is acknowledged. When slave mode is 
selected, the function of these pins changes (see 
Interrupt Controller section of this data sheet). 


LCS 
Lower Memory Chip Select (Output/Input) 


Lower Memory Chip Select is active Low whenever a 
memory reference is made to the defined iower portion 


800188 83 


. AMD 


(1K-256K) of memory. LCS does not float during bus 
HOLD. The address range activating LCS is software 
programmable. 


UCS andLCS are sampled upon the rising edge of RES. 
If both pins are held Low, the 80C188 will enter ONCE 
mode. In ONCE mode all pins assume a high imped- 
ance state and remain so until a subsequent RESET. 
LCS has a weak intemal pull-up that is active only during 
RESET to ensure that the 80C188 does not enter ONCE 
mode inadvertently. 


LOCK 
Lock (Output) 


LOCK output indicates that other system bus masters 
are notto gain control of the system bus. LOCK is active 
Low. The LOCK signal is requested by the LOCK prefix 
instruction and is activated at the beginning of the first 
data cycle associated with the instruction immediately 
following the LOCK prefix. It remains active until the 
completion of that instruction. No instruction prefetching 
will occur while LOCK is asserted. LOCK floats during 
bus HOLD or RESET. 


MCS3-MCSO 
Mid-Range Memory Chip Select (Outputs) 


Mid-Range Memory Chip Select signals are active Low 
when a memory reference is made to the defined mid- 
range portion of memory (8K-512K). These lines do not 
float during bus HOLD. The address ranges activating 
MCS3-MCS0 are software programmable. 


NMI 
Non-Maskable Interrupt (Input) 


The Non-Maskable Interrupt input causes a Type 2 in- 
terrupt. An NMI transition from Low to High is latched 
and synchronized internally, and initiates the interrupt at 
the next instruction boundary. NMI must be asserted for 
at least one CLKOUT period. The Non-Maskable Inter- 
rupt cannot be avoided by programming. 


PCS5/A1 
Peripheral Chip Select 5 or Latched A1 (Output) 


Peripheral Chip Select 5 or Latched A1 may be pro- 
grammed to provide a sixth peripheral chip select, or to 
provide an internally latched A1 signal. The address 
range activating PCS5 is software programmable. 
When programmed to provide latched A1 rather than 
PCSS, this pin will retain the previously latched value of 
A1 during abus HOLD. A1 is active High. PCS5/A1 does 
not float during bus HOLD. 


PCS6/A2 
Peripheral Chip Select 6 or Latched A2 (Output) 


Peripheral Chip Select 6 or Latched A2 may be pro- 
grammed to provide a seventh peripheral chip select, or 
to provide an internally latched A2 signal. The address 
range activating PCS6 is software programmable. 
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When programmed to provide latched A2 rather than 
PCS6, this pin will retain the previously latched value of 
A2 during abus HOLD. A2 is active High. PCS6/A2 does 
not float during bus HOLD. 


PCS4—PCS0 
Peripheral Chip Select Signals (Outputs) 


Peripheral Chip Select signals 4-0 are active Low 
when a reference is made to the defined peripheral area 
(64-Kb I/O or 1-Mb memory space). These lines do not 
float during bus HOLD. The address ranges activating 
PCS4-PCS0 are software programmable. 


RD/QSMD 
Read Strobe (Output/Input) 


Read Strobe is an active Low signal which indicates that 
the 800188 is performing a memory or I/O read cycle. It 
is guaranteed not to go Low before the A/D bus is 
floated. An internal pull-up ensures that RD/QSMD is 
High during RESET. Following RESET the pin is sam- 
pled to determine whether the 80C188 is to provide 
ALE, RD, and WR, or queue status information. To en- 
able Queue Status Mode, RD must be connected to 
GND. RD will float during bus HOLD. 


RES 
RESET (Input) 


Anactive RES causes the 80C 188 to immediately termi- 
nate its present activity, clear the internal logic, and 
enter a dormant state. This signal may be asynchronous 
to the 800188 clock. The 80C188 begins fetching in- 
structions approximately 6% clock cycles after RES is 
returned High. For proper initialization, Vcc must be 
within specifications and the clock signal must be stable 
for more than 4 clocks with RES held Low. RES is inter- 
nally synchronized. This input is provided with a 
Schmitt-trigger to facilitate power-on RES generation 
via an RC network. 


RESET 
System Reset (Output) 


Reset output indicates that the 80C188 CPU is being 
reset and can be used as a system reset. It is active 
High, synchronized with the processor clock, and lasts 
an integer number of clock periods corresponding to 
the length of the RES signal. Reset goes inactive two 
clockout periods after RES goes inactive. When tied to 
the TEST pin, RESET forces the 80C188 into enhanced 
mode. RESET is not floated during bus HOLD. 


RFSH 
Refresh (Output) 


In compatible mode, RFSH is High. In enhanced mode, 
RFSH is asserted Lowto signify a refresh bus cycle. The 
RFSH output pin floats during bus HOLD or RESET, 
regardless of operating mode. 
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$2-S0 
Bus Cycle Status (Outputs) 


Bus cycle status S2-S0 are encoded to provide bus- 
transaction information: 


80C188 Bus Cycle Status Information 


Bus Cycle Initiated 


Interrupt Acknowledge 
Read I/O 

Write /O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


aa =3=CO00 Q| 
|=4_C044300 Y| 


The status pins float during HOLD/HLDA. 


S2 may be used as a logical memory or I/O indicator, 
and S71 as a DT/R indicator. 


SRDY 
Synchronous Ready (Input) 


Synchronous Ready informs the 800188 that the ad- 
dressed memory space or I/O device will complete a 
data transfer. The SRDY pin accepts an active-High in- 
put synchronized to CLKOUT. The use of SRDY allows 
a relaxed system timing over ARDY. This is accom- 
plished by elimination of the one-half clock cycle re- 
quired to internally synchronize the ARDY input signal. 
Connecting SRDY High will always assert the ready 
condition to the CPU. If this line is unused, it should be 
tied Low to yield control to the ARDY pin. 


TEST 

Test (input) 

The TEST pin is sampled during and after reset to deter- 
mine whether the 80C188 is to enter Compatible or 
Enhanced Mode. Enhanced Mode requires TEST to 
be High on the rising edge of RES and Low four 
CLKOUT cycles later. Any other combination will place 
the 800188 in Compatible Mode. A weak internal pull- 
up ensures a High state when the pin is not driven. This 
pin is examined by the WAIT instruction. If the TEST in- 
put is High when WAIT execution begins, instruction 
execution will suspend. TEST will be resampled every 
five clocks until it goes Low, at which time execution will 
resume. If interrupts are enabled while the 80C188 is 
waiting for TEST, interrupts will be serviced. 


TMR INO, TMR IN1 
Timer Inputs (Inputs) 








Timer inputs are used either as clock or control signals, 
depending upon the programmed timer mode. These 
inputs are active High (or Low-to-High transitions 
are counted) and internally synchronized. Timer inputs 
must be tied High when not being used as clock or retrig- 
ger inputs. 
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TMR OUTO, TMR OUT1 
Timer Outputs (Outputs) 


Timer outputs are used to provide single pulse or con- 
tinuous waveform generation, depending upon the timer 
mode selected. These outputs are not floated during a 
bus HOLD. 


UCS 
Upper Memory Chip Select (Output/Input) 


Upper Memory Chip Select is an active Low output 
whenever a memory reference is made to the defined 
upper portion (1K-256K block) of memory. UCS does 
not float during bus HOLD. The address range activat- 
ing UCS is software programmable. 


UCS andLCS are sampled upon the rising edge of RES. 
If both pins are held Low, the 80C188 will enter ONCE 
mode. In ONCE mode all pins assume a high imped- 
ance state and remain so until a subsequent RESET. 
UCS has a weak internal pull-up that is active during 
RESET to ensure that the 80C188 does not enter 
ONCE mode inadvertently. 


Vee 
Power Supply (Input) 


System power: +5-V power supply. 


Vss 
Ground (Input) 


System ground. 


WR/QS1 
Write Strobe/Queue Status 1 (Output) 


Write Strobe/Queue Status 1 indicates that the data on 
the bus is to be written into a memory or an I/O device. It 
is active Low, and floats during bus HOLD or RESET. 
When the 800188 is in queue status mode, the ALE/ 
QS0 and WR/QS1 pins provide information about proc- 
essor/instruction queue interaction. 


QS1 QS0O Queue Operation 
0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 1 Subsequent byte fetched from the queue 
1 0 Empty the queue 
X1, X2 


Crystal Inputs (Input) 


Crystal inputs X1 and X2 provide external connections 
for a fundamental mode or third overtone parallel reso- 
nant crystal for the internal oscillator. X1 can connect to 
an external clock instead of a crystal. In this case, mini- 
mize the capacitance on X2. The input or oscillator fre- 
quency is internally divided by two to generate the clock 
signa! (CLKOUT). 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the base 
architecture of the 80C188. The 80C188 is a very high 
integration 16-bit microprocessor. It combines 15—20 of 
the most common microprocessor system components 
onto one chip. The 80C188 is object code compatible 
with the 8086/8088 microprocessors and adds 10 new 
instruction types to the 8086/8088 instruction set. 


The 80C188 has two major modes of operation, Com- 
patible and Enhanced. In Compatible Mode the 80C188 
is completely compatible with the NMOS 80188, with the 
exception of 8087 support. The Enhanced mode adds 
two new features to the system design: Power-save 
control and Dynamic RAM refresh. 


80C188 Base Architecture 


The 8086, 8088, 80186, and 80188 families all contain 
the same basic set of registers, instructions, and ad- 
dressing modes. The 80C 188 processor is upward com- 
patible with the 8086 and 8088 CPUs. 


Register Set 


The 800188 base architecture has fourteen registers, 
as shown in Figures 1 and 2. These registers are 
grouped into the following categories. 


General Registers 


Eight 16-bit general purpose registers may be used for 
arithmetic and logical operands. Four of these (AX, BX, 
CX, and DX) can be used as 16-bit registers or split into 
pairs of separate 8-bit registers. 
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Segment Registers 


Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For usage, 
refer to Memory Organization, page 13.) 


Base and Index Registers 


Four of the general purpose registers may also be used 
to determine offset addresses of operands in memory. 
These registers may contain base addresses or indexes 
to particular locations within a segment. The addressing 
mode selects the specific registers for operand and 
address calculations. 


Status and Control Registers 


Two 16-bit special purpose registers record or alter cer- 
tain aspects of the 80C188 processor state. These are 
the Instruction Pointer Register, which contains the off- 
set address of the next sequential instruction to be exe- 
cuted, and the Status Word Register, which contains 
status and control flag bits (see Figures 1 and 2). 


Status Word Description 


The Status Word records specific characteristics of the 
result of logical and arithmetic instructions (bits 0, 2, 4, 
6, 7, and 11) and controls the operation of the 800186 
within a given operating mode (bits 8, 9, and 10). The 
Status Word Register is 16-bits wide. The function of the 
Status Word bits is shown in Table 1. 


16-Bit Special 
Register Register 
Functions 
15 0 
Bi 
‘iain Multiply/Divide cs Code Segment Selector 
able VO Instructions DS Data Segment Selector 
8-Bit 
Revister Loop/Shift/Repeat/Count SS Stack Segment Selector 
Names ES Extra Segment Selector 
Shown) Base Registers 
Segment Registers 
Index Registers & z 
F Status Word 
Stack Pointer iP Instruction Pointer 
General Status and Control 
Registers Registers 
13087D-002 


Figure 1. 80C188 Register Set 
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Table 1. Status Word Bit Functions 








Bit 
Position Name Function 
0 CF Carry Flag—Set on high-order bit carry or borrow; cleared otherwise. 
2 PF Parity Flag—Set if low-order 8 bits of result contain an even number of 1 bits; 
cleared otherwise. 
4 AF Auxiliary Carry—Set on carry from or borrow to the low order four bits of the general 
purpose register AL; cleared otherwise. 
6 ZF Zero Flag—Set if result is 0; cleared otherwise. 
7 SF Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if negative). 
8 TF Single-Step Flag—Once set, a single-step interrupt occurs after the next instruction 
executes. TF is cleared by the single-step interrupt. 
9 IF Interrupt-Enable Flag—When set, maskable interrupts will cause the CPU to transfer 
control to an interrupt vector specified location. 
10 DF Direction Flag—Causes string instructions to auto decrement the appropriate index 
register when set. Clearing DF causes auto-increment. 
11 OF Overflow Flag—Set if the signed result cannot be expressed within the number of bits 


in the destination operand; cleared otherwise. 


Status Flags: 
Carry 

Parity 
Auxiliary Carry 
Zero 


Sign 
Overflow 
15 14 13 12 








“4,1 Reserved 


1110 9 By 7y6 





Control Flags: 


Trap Flag 
Interrupt Enable 
Direction Flag 
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Figure 2. Status Word Format 


Instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/logical, string ma- 
nipulation, control transfer, high-level instructions, and 
processor control. These categories are summarized in 
80C188 Instruction Set section, page 14. 


An 80C188 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Specific 
operand addressing modes are discussed later in this 
datasheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K (2"*) 
8-bit bytes. Memory is addressed using a two-compo- 
nent address (a pointer) that consists of a 16-bit base 
segment and a 16-bit offset. The 16-bit base values 
are contained in one of four internal segment registers 
(code, data, stack, extra). The physical address is calcu- 
lated by shifting the base value LEFT by 4 bits and 
adding the 16-bit offset value to yield a 20-bit physical 
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address (see Figure 3). This allows for a 1-Mb physical 
address size. 


All instructions that address operands in memory must 
specify the base segment and the 16-bit offset value. 
For speed and compact instruction encoding, the seg- 
ment register used for physical address generation is 
implied by the addressing mode used (see Table 3). 
These rules follow the way programs are written (see 
Figure 4) as independent modules that require areas 
for code and data, a stack, and access to external data 
areas. 


Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overrid- 
den for special cases. The stack, data, and extra seg- 
ments may coincide for simple programs. 


80C188 Instruction Set 
All mnemonics copyright Intel Corp. 


General Purpose 


MOV Move byte or word 

PUSH Push word onto stack 

POP Pop word off stack 

PUSHA Push all registers on stack 
POPA Pop all registers from stack 
XCHG Exchange byte or word 
XLAT Translate byte 
Input/Output 

IN Input byte or word 

OUT Output byte or word 
Address Object 

LEA Load effective address 
LDS Load pointer using DS 

LES Load pointer using ES 
Flag Transfer 

LAHF Load AH register from flags 
SAHF Store AH register in flags 
PUSHF Push flags onto stack 
POPF Pop flags off stack 
Addition 

ADD Add byte or word 

ADC Add byte or word with carry 
INC Increment byte or word by 1 
AAA ASCIl adjust for addition 
DAA Decimal adjust for addition 
Subtraction 

SUB Subtract byte or word 
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SBB 
DEC 
NEG 
CMP 
AAS 
DAS 
Multiplication 
MUL 
IMUL 
AAM 
Division 
DIV 
IDIV 
AAD 
CBW 
CWD 
MOVS 
INS 
OUTS 
CMPS 
SCAS 
LODS 
STOS 
REP 
REPE/REPZ 


Subtract byte or word with borrow 
Decrement byte or word by 1 
Negate byte or word 

Compare byte or word 

ASCII adjust for subtraction 
Decimal adjust for subtraction 


Multiply byte or word unsigned 
Integer multiply byte or word 
ASCIl adjust for multiply 


Divide byte or word unsigned 
Integer divide byte or word 
ASCIl adjust for division 
Convert byte or word 
Convert word to doubleword 
Move byte or word string 
Input bytes or word string 
Output bytes or word string 
Compare byte or word string 
Scan byte or word string 
Load byte or word string 
Store byte or word string 
Repeat 

Repeat while equal/zero 


REPNE/REPNZ Repeat while not equaVnot zero 


Logicals 
NOT 
AND 

OR 

XOR 
TEST 
Shifts 
SHU/SAL 


SHR 
SAR 
Rotates 
ROL 
ROR 
RCL 
RCR 
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“NOT” byte or word 

“AND” byte or word 
“Inclusive or” byte or word 
“Exclusive or” byte or word 
“Test” byte or word 


Shift logicaVarithmetic left byte 
or word 


Shift logical right byte or word 
Shift arithmetic right byte or word 


Rotate left byte or word 

Rotate right byte or word 

Rotate through carry left byte or word 
Rotate through carry right byte or word 
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Flag Operations 

STC Set carry flag 

CLC Clear carry flag 

CMC Complement carry flag 

STD Set direction flag 

CLD Clear direction flag 

STI Set interrupt-enable flag 

CLI Clear interrupt-enable flag 
External Synchronization 

HLT Hait until interrupt or reset 

WAIT Wait for TEST pin active 

LOCK Lock bus during next instruction 
No Operation 

NOP No operation 

High Level Instructions 

ENTER Format stack for procedure entry 
LEAVE Restore stack for procedure exit 
BOUND Detects values outside prescribed 


range 
Conditional Transfers 


JA/JNBE Jump if above/not below nor equal 
JAE/JNB Jump if above or equaV/not below 
JB/JNAE Jump if below/not above nor equal 
JBE/JNA Jump if below or equalV/not above 
Jc Jump if carry 

JE/Z Jump if equaV/zero 

JG/JNLE Jump if greater/not less nor equal 
JGE/JNL Jump if greater or equaV/not less 
JUJNGE Jump if less/not greater nor equal 
JLE/JING Jump if less or equal/not greater 
JNC Jump if not carry 

JNE/JNZ Jump if not equaV/not zero 

JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd 

JNS Jump if not sign 

JO Jump if overflow 
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JP/JPE Jump if parity/parity even 
JS Jump if sign 
Unconditional Transfers 

CALL Call procedure 

RET Return from procedure 
JMP Jump 

Iteration Controls 

LOOP Loop 

LOOPE/LOOPZ Loop if equalV/zero 
LOOPNE/ 

LOOPNZ Loop if not equaV/not zero 
JCXZ Jump if register CX = 0 
Interrupts 

INT Interrupt 

INTO Interrupt if overflow 

IRET Interrupt return 


To access operands that do not reside in one of the four 
immediately available segments, a full 32-bit pointercan 
be used to reload both the base (segment) and offset 





values. 
Shift 
Left 
Segment 
Base . 
Logical 
Address 
Offset 
Physical Address 
To Memory 
13087D-004 
Figure 3. Two-Component Address 
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Table 2. Segment Register Selection Rules 


Memory Reference Segment Register 
Needed Used 
Instructions Code (CS) 
Stack Stack (SS) 
Externa! Data (Global) Extra (ES) 
Local Data Data (DS) 
Addressing Modes 


The 80C188 provides eight categories of addressing 
modes to specify operands. Two addressing modes are 
provided for instructions that operate on register or im- 
mediate operands: 


e Register Operand Mode: The operand is located in 
one of the 8- or 16-bit registers. 


e Immediate Operand Mode: The operand is included 
in the instruction. 


Six modes are provided to specify the location of an op- 
erand in a memory segment. A memory operand ad- 
dress consists of two 16-bit components: a segment 
base and an offset. The segment base is supplied by a 
16-bit segment register either implicitly chosen by the 
addressing mode or explicitly chosen by a segment 
override prefix. The offset, also called the effective ad- 
dress, is calculated by summing any combination of the 
following three address elements: 


e the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 


e the base (contents of either the BX or BP base 
registers); and, 


e the index (contents of either the SI or DI index 
registers). 


Any cary out from the 16-bit addition is ignored. Eight- 
bit displacements are sign-extended to 16-bit values. 


Combinations of these three address elements define 
the six memory addressing modes, described below. 


e Direct Mode: The operand’s offset is contained in the 
instruction as an 8- or 16-bit displacement element. 


e Register Indirect Mode: The operand’s offset is in one 
of the registers SI, Dl, BX, or BP. 


e Based Mode: The operand's offset is the sum of an 8- 
or 16-bit displacement and the contents of a base 
register (BX or BP). 


Implicit Segment 
Selection Rule 


Instruction prefetch and immediate data. 

All stack pushes and pops; any memory 
references which use BP Register as a 

base register. 

All string instruction references which use the 
DI register as an index. 

All other data references. 


e Indexed Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contents of an index 
register (SI or Dl). 


e Based Indexed Mode: The operand’s offset is the 
sum of the contents of a base register and an index 
register. 


e Based Index Mode with Displacement: The op- 
erand’s offset is the sum of a base register’s contents, 
an index registers contents, and an 8- or 16-bit 
displacement. 


Data Types 
The 80C188 directly supports the following data types: 


e Integer: A signed binary numeric value contained in 
an 8-bit byte or a 16-bit word. All operations assume a 
2's complement representation. 


e Ordinal: An unsigned binary numeric value contained 
in an 8-bit byte or a 16-bit word. 


e Pointer: A 16- or 32-bit quantity, composed of a 16-bit 
offset component or a 16-bit segment base 
component in addition to a 16-bit offset component. 


e String: A contiguous sequence of bytes or words. A 
string may contain from 1 to 64K bytes. 


e ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 


e BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 


e Packed BCD: A byte (packed) representation of two 
decimal digits (0-9). One digit is stored in each nibble 
(4 bits) of the byte. 


In general, individual data elements must fit within de- 
fined segment limits. Figure 5 graphically represents the 
data types supported by the 800188. 
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Figure 4. Segmented Memory Helps 
? Structure Software © 


VO Space 


The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either 
an 8-bit port address, specified in the instruction, or 
a 16-bit port address in the DX register. Eight-bit port 
addresses are zero-extended such that A15-A8 are 
Low. I/O port addresses 00F8(H) through OOFF(H) are 
reserved. 


interrupts 


An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine 
state (Status Word) are saved on the stack to allow re- 
sumption of the interrupted program. Interrupts fall into 
three classes: hardware initiated, INT instructions, and 
instruction exceptions. Hardware-initiated interrupts oc- 
cur in response to an external input and are classified as 
non-maskable or maskable. 


Programs may cause an interrupt with an INT instruc- 
tion. Instruction exceptions occur when an unusual con- 
dition, which prevents further instruction processing, is 
detected while attempting to execute an instruction. If 
the exception was caused by executing an ESC instruc- 
tion with the ESC trap bit set in the relocation register, 
the return instruction will point to the ESC instruction, or 


to the segment override prefix immediately preceding 
the ESC instruction if the prefix was present. In all other 
cases, the retum address from an exception will point at 
the instruction immediately following the instruction 
causing the exception. 


eee’ 
Sign Bit ~ Magnitude 
Unsigned [TTT] 
nsigne 
Byte 
ye TMsB , 
Magnitude 


+1 0 
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Word JL 
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Decimal 


(BCD) BCD BCD BCD 


Digit N Digit 1 Digit o 


7 +1 97 0 g 


7 +N 9 
asc [TTT] 


ASCIl ASCII ASCII 
Charactern Character; Charactero 
Serer aia 7 +1 97 9 4g 
BCD ee bent ch 
Most Least 
Significant Digit Significant Digit 
71s tN 715 *1 97159 


String sts 
Byte/WordN  Byte/Word 1 Byte/Word0O 


a1 +3 +2 16 15 +1 0 0 


Pointer ——— $$ —$ $$ $ —_L______} 
Selector Offset 
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Figure 5. 80C188 Supported Data Types 
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A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0-31, some of which are used for instruction exceptions, 
are reserved. Table 3 shows the 800188 predefined 
types and default priority levels. For each interrupt, an 
8-bit vector must be supplied to the 80C 186, which iden- 
tifies the appropriate table entry. Exceptions supply the 
interrupt vector internally. In addition, internal peripher- 
als and non-cascaded external interrupts will generate 
their own vectors through the internal interrupt control- 
ler. INT instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware-initi- 
ated interrupts supply the 8-bit vector to the CPU during 
an interrupt acknowledge bus sequence. Non-mask- 
able hardware interrupts use a predefined internally 
supplied vector. 


Interrupt Sources 


The 800188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are gener- 
ated by specific instructions (INT, ESC, unused OP, 
etc.) or the results of conditions specified by instructions 
(array bounds check, INTO, DIV, IDIV, etc.). Allinterrupt 
sources are serviced by an indirect call through an ele- 
ment of avector table. This vector table is indexed by us- 
ing the interrupt vector type (Table 3), multiplied by four. 
All hardware-generated interrupts are sampled at the 
end of each instruction. Thus, the software interrupts 
will begin service first. Once the service routine is 
entered and interrupts are enabled, any hardware 
source of sufficient priority can interrupt the service 
routine in progress. 


Those pre-defined 80C188 interrupts which cannot be 
masked by programming are described below. 


Divide Error Exception (Type 0) 


Generated when a DIV or IDIV instruction quotient can- 
not be expressed in the number of bits in the destination. 


Single-Step Interrupt (Type 1) 


Generated after most instructions if the TF (single step) 
flag in the status word is set. This interrupt allows pro- 
grams to execute one instruction at a time. interrupts will 
not be generated after prefix instructions (e.g., REP), in- 
structions which modify segment registers (e.g., POP 
DS), or the WAIT instruction. Vectoring to the single- 
step interrupt service routine clears the TF bit. An IRET 
instruction in the interrupt service routine restores the 
TF bit to logic 1 and transfers control to the next instruc- 
tion to be single-stepped. 
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Non-Maskable Interrupt-NMI (Type 2) 


An extemal interrupt source which is serviced regard- 
less of the state of the IF (interrupt enable flag) bit. No 
external interrupt acknowledge sequence is performed. 
The IF bit is cleared at the beginning of a NMI interrupt 
to prevent maskable interrupts from being serviced. A 
typical use of NMI would be to activate a power failure 
routine. 


Breakpoint Interrupt (Type 3) 


A 1-byte version of the INT instructions. It uses 12 
(OCH) as an index into the service routine address table 
(because it is a Type 3 interrupt). 


INTO Detected Overflow Exception (Type 4) 
Generated during an INTO instruction if the OF bit is set. 
Array BOUNDS Exception (Type 5) 


Generated during a BOUND instruction if the array in- 
dex is outside the array bounds. The array bounds are 
located in memory at a location indicated by one of the 
instruction operands. The other operand indicates the 
value of the index to be checked. 


Unused Opcode Exception (Type 6) 


Generated if execution is attempted on undefined 
opcodes. 


ESCAPE Opcode Exception (Type 7) 


Generated if execution is attempted of ESC opcodes 
(D8—DFH). The 80C 188 does not check an escape op- 
code trap bit as does the 80C186. On the 800188, ESC 
traps occur in both compatible and enhanced operating 
modes. The return address of this exception will point to 
the ESC instruction causing the exception. If asegment 
override prefix preceded the ESC instruction, the return 
address will point to the segment override prefix. 


Note: Unlike the 80188, all numerics coprocessor opcodes 
cause a trap. The 80C188 does not support the numerics 
interface. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable inter- 
rupts. The 80C188 provides maskable hardware 
interrupt request pins INT3—INTO. In addition, maskable 
interrupts may be generated by the 80C188 integrated 
DMA controller and the integrated timer unit. The vector 
types for these interrupts is shown in Table 3. Software 
enables these inputs by setting the interrupt flag bit (IF) 
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in the Status Word. The interrupt controller is discussed 
in the peripheral section of this datasheet. 


Further maskable interrupts are disabled while servicing 
an interrupt because the IF bit is reset as part of the re- 
sponse to an interrupt or exception. The saved Status 
Word will reflect the enable status of the processor prior 
to the interrupt. The interrupt flag will remain zero unless 
specifically set. The interrupt retum instruction restores 
the Status Word, thereby restoring the original status of 
IF (interrupt-enable flag) bit. If the interrupt return 
reenables interrupts, and another interrupt is pending, 
the 80C 188 will immediately service the highest-priority 
interrupt pending, i.e., no instructions of the main line 
program will be executed. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by 
driving the RES input pin Low. RES must be Low during 
power-up to ensure proper device initialization. RES 
forces the 80C188 to terminate all execution and local 
bus activity. No instruction or bus activity will occur as 
long as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the 80C188 be- 
gins execution with the instruction at physical location 
FFFFO(H). RES also sets some registers to predefined 
values as shown in Table 4. 


Table 3. 80C188 Interrupt Vectors 


Interrupt Vector Vector 
Name Type Address 
Divide Error Exception (¢) OOH 
Single-Step Interrupt 1 04H 
Non-Maskable Interrupt (NMI) 2 08H 
Breakpoint Interrupt 3 OCH 
INTO Detected Overflow Exception 4 10H 
Array Bounds Exception 5 14H 
Unused Opcode Exception 6 18H 
ESC Opcode Exception 7 1CH 
Timer 0 Interrupt 8 20H 
Timer 1 Interrupt 18 48H 
Timer 2 Interrupt 19 4CH 
Reserved 9 24H 
DMA 0 Interrupt 10 28H 
DMA 1 Interrupt 11 2CH 
INTO Interrupt 12 30H 
INT1 Interrupt 13 34H 
INT2 Interrupt 14 38H 
INT3 Interrupt 15 3CH 
Reserved 16, 17 40H, 44H 
Reserved 20-31 50H... 7CH 


Default Related Applicable 
Priority Instructions Notes 
1 DIV, IDIV 1 
1A All 2 

1 All 

1 INT 1 

1 INTO 1 

1 BOUND 1 

1 Undefined Opcodes 1 

1 ESC Opcodes 1,3 
2A 4,5 
2B 4,5 
2C 4,5 

3 

4 5 

5 5 

6 

7 

8 

9 


Notes: Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level. 


1. Generated as a result of an instruction execution. 
2. Performed in the same manner as 8088. 


3. An ESC opcode will cause a trap if the 80C 188 is in compatible mode orif the processoris in enhanced mode with the proper bit setin the 
peripheral control block relocation register. The 80C 188 is not directly compatible with the 80188 in this respect. 


4. All three timers constitute one source of request to the interrupt controller. As such, they share the same priority level with respect to 
other interrupt sources. However, the timers have a defined priority order among themselves (2A > 2B> 2C). 


5. The vector type numbers of these sources are programmable in Slave Mode. 
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Table 4. 80C188 Initial Register State after RESET 





Status Word F002(H) 
Instruction Pointer 0000({H) 
Code Segment FFFF(H) 
Data Segment 0000(H) 
Extra Segment 0000(H) 
Stack Segment 0000(H) 
Relocation Register 20FF(H) 
UMCS FFFB(H) 





THE 80C188 COMPARED TO THE 80C186 


The 80C188 is an 8-bit processor design based on the 
80C186 internal structure. Most internal functions of the 
80C188 are identical to the equivalent 80C186 func- 
tions. The 80C188 handles the external bus the same 
way the 80C186 does with the distinction of handling 
only 8 bits at a time. Sixteen-bit operands are fetched or 
written in two consecutive bus cycles. The processors 
will look the same to the software engineer, with the ex- 
ception of execution time. The internal register structure 
is identical and all instructions except numerics instruc- 
tions have the same end result. Internally, there are four 
differences between the 80C188 and the 80C186. All 
changes are related to the 8-bit bus interface. 


e The queue length is 4 bytes in the 80C188, whereas 
the 80C186 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of the 
bus by the BIU when prefetching instructions. This 
was required because of the additional time 
necessary to fetch instructions 8 bits at a time. 


e To further optimize the queue, the prefetching 
algorithm was changed. The 80C188 BIU will fetch a 
new instruction to load into the queue each time there 
is a 1-byte hole (space available) in the queue. The 
80C186 waits until a 2-byte space is available. 


e The internal execution time of an instruction is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU may also be limited by the rate of 
instruction fetches when a series of simple operations 
occur. When the more sophisticated instructions of 
the 80C 188 are being used, the queue has more time 
to fill and the execution proceeds more closely to the 
speed at which the execution unit will allow. 


e The 80C188 does not have a numerics interface, 
since the 80C186 numerics interface inherently 
requires 16-bit communication with the numerics 
coprocessor. 


The 80C188 and 80C186 are completely software com- 
patible (except for numerics instructions) by virtue of 
their identical execution units. However, software that is 
system dependent may not be completely transferable. 


The bus interface and associated control signals vary 
somewhat between the two processors. The pin assign- 
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ments are newly identical, with the following functional 
changes: 


e A15-8: These pins are only address outputs on the 
80C188. These address lines are latched internally 
and remain valid throughout the bus cycle. 


e BHE has nomeaning on the 80C 188. However, it was 
necessary to designate this pin the RFSH pin in order 
to provide an indication of DRAM refresh bus cycles. 


800188 CLOCK GENERATOR 


The 80C188 provides an on-chip clock generator for 
both internal and extemal clock generation. The clock 
generator features a crystal oscillator, a divide-by-two 
counter, synchronous and asynchronous ready inputs, 
and reset circuitry. 





Oscillator 


The oscillator circuit of the 80C188 is designed to 
be used either with a parallel resonant fundamental 
or third-overtone mode crystal, depending upon the 
frequency range of the application, as shown in Figure 
6C. This is used as the time base for the 80C188. The 
crystal frequency chosen should be twice the required 
processor frequency. Use of an LC or RC circuit is not 
recommended. 


The output of the oscillator is not directly available out- 
side the 80C188. The two recommended crystal 
configurations are shown in Figures 6A and 6B. When 
used in third-overtone mode the tank circuit shown in 
Figure 6B is recommended for stable operation. The 
sum of the stray capacitances and loading capacitors 
should equal the values shown. It is advisable to limit 
stray capacitance between the X1 and X2 pins to less 
than 10 pF. While a fundamental-mode circuit will re- 
quire approximately 1 ms for start-up, the third-overtone 
arrangement may require 1 ms to 3 ms to stabilize. 


Alternately, the oscillator may be driven from an external 
source, as shown in Figure 6D. The configuration shown 
in Figure 6E is not recommended. 


The following parameters should be used when choos- 
ing a crystal: 


Temperature Range: 0°C to 70°C 
ESR (Equivalent Series Resistance): | 40 ohms max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
C1 (Load Capacitance): 20 pF +2 pF 
Drive Level: 1 mW max 
Clock Generator 


The 80C188 clock generator provides the 50%-duty 
cycle processor clock for the 800188. It does this by 
dividing the oscillator output by 2, forming the sym- 
metrical clock. If an extemal oscillator is used, the state 
of the clock generator will change on the falling edge of 
the oscillator signal. The CLKOUT pin provides the 
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processor clock signal for use outside the 80C188. This 
may be used to drive other system components. All tim- 
ings are referenced to the output clock. 


READY Synchronization 


The 80C188 provides both synchronous and asynchro- 
nous ready inputs. Asynchronous ready synchroniza- 
tion is accomplished by circuitry which samples ARDY 
in the middle of T2, T3, and again in the middle of each 
TW until ARDY is sampled High. One-half CLKOUT cy- 
cle of resolution time is used for full synchronization of a 
rising ARDY signal. A High-to-Low transition on ARDY 
may be used as an indication of the not-ready condition, 
but it must be performed synchronously to CLKOUT, 
either in the middle of T2, T3, or TW, or at the falling 
edge of T3 or TW. 


A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T2, T3, and again at the end of 
each TW until it is sampled High. By using this input 
rather than the asynchronous ready input, the half-clock 
cycle resolution time penalty is eliminated. This input 
must satisfy set-up and hold times to guarantee proper 
operation of the circuit. 


In addition, the 80C188, as part of the integrated chip- 
select logic, has the capability to program WAIT states 
for memory and peripheral blocks. This is discussed in 
the Chip Select/ Ready Logic description. 
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RESET Logic 


The 80C188 provides both a RES input pin and a syn- 
chronized RESET output pin for use with other system 
components. The RES input pin on the 80C188 is pro- 
vided with hysteresis in order to facilitate power-on Re- 
set generation via an RC network. RESET is guaran- 
teed to remain active for at least five clocks givena RES 
input of at least six clocks. RESET may be delayed up to 
approximately two and one-half clocks behind RES. 


LOCAL BUS CONTROLLER 


The 80C 188 provides a local bus controller to generate 
the local bus control signals. In addition, it employs a 
HOLD/HLDA protocol for relinquishing the local bus to 
other bus masters. It also provides outputs that can be 
used to enable external buffers and to direct the flow of 
data on and off the local bus. 


Memory/Peripheral Control 


The 80C188 provides ALE, RD, and WR bus control sig- 
nals. The RD and WR signals are used to strobe data 
from memory or I/O to the 80C 188 or to strobe data from 
the 800188 to memory or I/O. The ALE line provides a 
strobe to latch the address when it is valid. The 80C188 
local bus controller does not provide a memory//O sig- 
nal. If this is required, use the S2 signal (which will re- 
quire external latching, O=/O and 1=memory), make 
the memory and I/O spaces non-overlapping, or use 
only the integrated chip-select circuitry. 
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Note 1: 


20 MHz 
25 MHz 
32 MHz 
40 MHz 





(6A) (6B) 


Recommended Crystal Mode Third-Overtone 
le Fundamental >| 


—{—____}—_—___|— 


Desired CPU Frequency 10MHz 12.5 MHz 20 MHz 


(6C) 





External Clock Source 


(DONOTUSE) = 


External Clock Source 





(6D) (6E) 


Figure 6. 80C188 Oscillator Configurations 
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XTAL Frequency _—__L1 Value 


12.0 pH +20% 
8.2 1H +20% 
4.7 pH +20% 
3.0 tH 420% 
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Transceiver Control 


The 80C188 generates two control signals for external 
transceiver chips. This capability allows the addition of 
transceivers for extra buffering without adding external 
logic. These control lines, DT/R and DEN, are gener- 
ated to control the flow of data through the transceivers. 
The operation of these signals is shown in Table 5. 


Table 5, Transceiver Control Signals Description 


Pin Name Function 


DEN (Data Enable) Enables the output drivers of the 
transceivers. It is active Low 
during memory, I/O, numeric 
processor extension, or INTA 
cycles. 


Determines the direction of 
travel through the transceivers. 
A High level directs data away 
from the processor during write 
operations, while a Low level 
directs data toward the pro- 
cessor during a read operation. 





DT/R (Data Transmit/ 
Receive) 


Local Bus Arbitration 


The 800188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters utiliz- 
ing the same bus can operate at separate clock frequen- 
cies. The 80C188 provides a single HOLD/HLDA pair 
through which all other bus masters may gain control of 
the local bus. External circuitry must arbitrate which 
external device will gain control of the bus when there 
is more than one alternate local bus master. When the 
80C188 relinquishes control of the local bus, it floats 





S7/RFSH, and DT/R to allow another master to drive 
these lines directly. 


The 80C188 HOLD latency time, that is, the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor when 
the HOLD request is received. A HOLD request is sec- 
ond only to DRAM refresh requests in priority of 
activity requests the processor may receive. Any bus cy- 
cle in progress will be completed before the 800188 re- 
linquishes the bus. This implies that if a HOLD request is 
received just as a DMA transfer begins, the HOLD la- 
tency can be as great as 4-bus cycles. This will occur ifa 
DMA word transfer operation is taking place from an odd 
address to an odd address, making a total of 16-clock 
cycles or more if WAIT states are required. In addition, if 
locked transfers are performed, the HOLD latency time 
will be increased by the length of the locked transfer. 


If the 80C188 has relinquished the bus and a refresh 
request is pending, HLDA is removed (driven Low) to 
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signal the remote processor that the 80C188 wishes to 
regain control of the bus. The 80C188 will wait until 
HOLD is removed before taking control of the bus to run 
the refresh cycle. 

Local Bus Controller and Reset 


During RESET, the local bus controller will perform the 
following action: 


Drive DEN, RD, and WR High for one clock cycle, 
then float them. 


O Drive S2~S0 to the inactive state (all High) and then 
float. 


Drive LOCK High and then float. 

Float AD7—ADO, A19-A8, S7/RFSH, DT/R. 
Drive ALE Low. 

Drive HLDA Low. 


RD/QSMD, UCS, LCS, and TEST pins have internal 
pull-up devices which are active while RES is applied. 
Excessive loading or grounding certain of these pins 
causes the 80C188 to enter an alternative mode of op- 
eration: 


0 RD/QSMD Low results in Queue Status Mode. 
@ UCS andLCS Low results in ONCE Mode. 


Q TEST Low (and High later) results in Enhanced 
Mode. 


INTERNAL PERIPHERAL INTERFACE 


All the 80C 188 integrated peripherals are controlled by 
16-bit registers contained within an internal 256-byte 
control block. The control block may be mapped into 
either memory or I/O space. Internal logic will recognize 
control block addresses and respond to bus cycles. Dur- 
ing bus cycles to internal registers, the bus controller will 
signal the operation externally (i.e., the RD, WR, status, 
address, data, etc., lines will be driven as in a normal 
bus cycle), but AD7—ADO, SRDY, and ARDY will be ig- 
nored. The base address of the contro! block must be on 
an even 256-byte boundary (i.e., the lower 8 bits of the 
base address are all Os). All of the defined registers 
within this control block may be read or written by the 
800188 CPU at any time. 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the control 
block (see Figure 7). It provides the upper 12 bits of the 
base address of the control block. The control block is 
effectively an internal chip select range and must abide 
by all the rules concerning chip selects (the chip select 
circuitry is discussed later in this data sheet). Any 
access to the 256 bytes of the control block activates 
an internal chip select. 
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8 7 6 5 4 3 2 1 0 


15 14 
Offset: FEH | et | Slave/Master | x | M/0| Relocation Address Bits R1i9-R8 


ET= ESC Trap/No ESC Trap (1/0) 


M10 = Register block located in Memory/ I/O Space (1/0) 
Slave/Master = Configures interrupt controller for Slave/Master Mode (1/0) 
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Figure 7. Relocation Register 





Other chip selects may overlap the control block only if 
they are programmed to zero wait states and ignore 
external ready. In addition, bit 12 of this register deter- 
mines whether the control block will be mapped into /O 
or memory space. If this bit is 1, the control block will be 
located in memory space. If the bit is 0, the control block 
will be located in /O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base ad- 
dress must be programmed as 0 (since I/O addresses 
are only 16-bits wide). 


In addition to providing relocation information for the 
control block, the relocation register contains bits which 
place the interrupt controller into slave mode and cause 
the CPU to interrupt upon encountering ESC instruc- 
tions. At RESET, the relocation register is set to 20FFH, 
which maps the control block to start at FFOOH in I/O 
space. An offset map of the 256-byte control register 
block is shown in Figure 8. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The 80C188 contains logic which provides program- 
mable chip-select generation for both memories and 
peripherals. In addition, it can be programmed to pro- 
vide READY (or WAIT state) generation. It can also pro- 
vide latched address bits A1 and A2. The chip-select 
lines are active for all memory and l/O cycles in their pro- 
grammed areas, whether they be generated by the CPU 
or by the integrated DMA unit. 


Memory Chip Selects 


The 80C188 provides six memory chip select outputs for 
three address areas: upper memory, lower memory, 
and mid-range memory. One each is provided for upper 
memory and lower memory, while four are provided for 
mid-range memory. 


The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, or 128K 
(plus 1K and 256K for upper and lower chip selects). In 
addition, the beginning or base address of the mid- 
range memory chip select may also be selected. Only 
one chip select may be programmed to be active for any 
memory location at a time. All chip select sizes are in 
bytes, whereas 80C188 memory is arranged in words. 


This means that if, for example, 16 64Kx1 memories 


are used, the memory block size will be 128K, not 64K. 


OFFSET 


Relocation Register FEH 


DAH 

DMA Descriptors Channel 1 
DOH 
; CAH 

DMA Descriptors Channel 0 
COH 
ABH 

Chip-Select Control Registers 

AOH 


66H 
Time 2 Control Registers 

60H 

5EH 
Time 1 Control Registers 

58H 
Time 0 Control Registers ee 

50H 


Interrupt Controller Regist eth 
erru ontrolier Hegisters 
eae g 20H 
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Figure 8. Internal Register Map 


Upper Memory CS 


The 80C188 provides a chip select, called UCS, for the 
top of memory. The top of memory is usually used as the 
system memory because after reset the 80C188 begins 
executing at memory location FFFFOH. 


The upper limit of memory defined by this chip select is 
always FFFFFH, while the lower limit is programmable. 
By programming the lower limit, the size of the select 
block is also defined. Table 6 shows the relationship be- 
tween the base address selected and the size of the 
memory block obtained. 
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Table 6. UMCS Programming Values 


Starting 
Address Memory UMCS Value 
(Base Block (Assuming 

Address) Size RO=R1 =R2=0) 
FFCOO 1K FFF8H 
FF800 2K FFB8H 
FFOOO . 4K FF38H 
FEOOO 8K FE38H 
FCooO 16K FC38H 
F8000 32K F838H 
FOO0O 64K FO38H 
E0000 128K E038H 
C0000 256K C038H 


The lower limit of this memory block is defined in the 
UMCS register (see Figure 9). This register is at offset 
AOH in the internal control block. The legal values for 
bits 13-6 and the resulting starting address and memory 
block sizes are givenin Table 6. Any combination of bits 
13-6 not shown in Table 6 will result in undefined opera- 
tion. After reset, the UMCS register is programmed for a 
1K area. It must be reprogrammed if a larger upper 
memory area is desired. 


The internal generation of any 20-bit address whose 
upper 16 bits are equal to or greater than the UMCS 
value (with bits 5-0 as 0) asserts UCS. UMCS bits 
R2-RO specify the READY mode for the area of mem- 
ory defined by the chip-select register, as explained 
later. 


Lower Memory CS 


The 80C188 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location OOO00H. 


The lower limit of memory defined by this chip select is 
always 0H, while the upper limit is programmable. By 
programming the upper limit, the size of the memory 
block is defined. Table 7 shows the relationship be- 
tween the upper address selected and the size of the 
memory block obtained. 


Table 7. LMCS Programming Values 


Memory LMCS Value 
Upper Block (Assuming 
Address Size RO=R1=R2=0) 
003FFH 1K 0038H 
007FFH 2K 0078H 
OOFFFH 4K OOF8H 
O1FFFH 8K 01F8H 
O3FFFH 16K O3F8H 
O7FFFH 32K 07F8H 
OFFFFH 64K OFF8H 
1FFFFH 128K 1FF8H 
3FFFFH 256K 3FF8H 
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The upper limit of this memory block is defined in the 
LMCS register (see Figure 10) at offset A2H in the inter- 
nal control block. The legal values for bits 15—6 and the 
resulting upper address and memory block sizes are 
given in Table 7. Any combination of bits 15-6 not 
shown in Table 7 will result in undefined operation. After 
reset, the LMCS register value is undefined. However, 
the LCS chip-select line will not become active until the 
LMCS register is accessed. 


Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 5-0 “1”) 
will assert LCS. LMCS register bits R2-RO specify the 
READY mode for the area of memory defined by this 
chip-select register. 


Mid-Range Memory CS 


The 80C188 provides four MCS lines which are active 
within a user-locatable memory block. This block can be 
located within the 800188 1-Mb memory address space 
exclusive of the areas defined by UCS and LCS. Both 
the base address and size of this memory block are pro- 
grammable. 


The size of the memory block defined by the mid-range 
select lines, as shown in Table 8, is determined by 
bits 14~8 of the MPCS register (see Figure 11). This reg- 
ister is at location A8H in the internal control block. One 
and only one of bits 14-8 must be set at a time. Unpre- 
dictable operation of the MCS lines will otherwise occur. 
Each of the four chip-select lines is active for one of the 
four equal contiguous divisions of the mid-range block. If 
the total block size is 32K, each chip select is active for 
8K of memory with MCSO being active for the first range, 
MCS1 active for the second, MCS2 for the third, and 
MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral functional- 
ity, as described in a later section. 





Table 8. MPCS Programming Values 


Total Individual MPCS 

Block Select Bits 

Size Size 14-8 
8K 2K 0000001B 
16K 4K 0000010B 
32K 8K 0000100B 
64K 16K 0001000B 
128K 32K 0010000B 
256K 64K 0100000B 
512K 128K 1000000B 





The base address of the mid-range memory block 
is defined by bits 15-9 of the MMCS register (see 
Figure 12). This register is at offset AGH in the internal 
control block (see Figure 8). These bits correspond to 
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bits A19-A13 of the 20-bit memory address. Bits 
A12-A0 of the base address are always 0. The base ad- 
dress may be set at any integer multiple of the size of the 
total memory block selected. For example, if the mid- 
range block size is 32K (or the size of the block for which 
each MCS line is active is 8K), the block could be lo- 
cated at 10000H or 18000H, but not at 14000H, since 
the first few integer multiples of a 32K memory block are 
OH, 8000H, 10000H, 18000H, etc. After reset, the con- 
tents of both registers are undefined. However, none of 
the MCS lines will be active until both the MMCS and 
MPCS registers are accessed. 


MMCS bits R2-RO specify READY mode of operation 
for all four mid-range chip selects. 


The 512K block size for the mid-range memory chip se- 
lects is a special case. When using 512K, the base ad- 
dress would have to be at either locations OOOOOH or 
80000H. If it were to be programmed at 00000H when 
the LCS line was programmed, there would be an inter- 
nal conflict between the LCS ready generation logic and 
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the MCS ready generation logic. Likewise, if the base 
address were programmed at 80000H, there would be a 
conflict with the UCS ready generation logic. Since the 
LCS chip-select line does not become active until pro- 
grammed, while the UCS line is active at reset, the 
memory base can be set only at OOOOOH. If this base ad- 
dress is selected, however, the LCS range must not be 
programmed. 


Peripheral Chip Selects 


The 80C188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for 
seven contiguous blocks of 128 bytes above a program- 
mable base address. The base address may be located 
in either memory or I/O space. 


Seven CS lines called PCS6-PCS0 are generated by 
the 80C188. The base address is user-programmable; 
however, it can only be a multiple of 1K bytes (i.e., the 
least significant 10 bits of the starting address are 
always 0). 


15 14 #13 12 #4 #10 9 8 7 6 5 4 3 2 1 0 
ofse:aoH | 1 [1 Tu fu tu tutu fu dtu tulsa ft [re] pif ro] 
A19 Ait 
13087D-010 
Figure 9. UMCS Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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A19 
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Figure 10. LMCS Register 
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Figure 11. MPCS Register 
15 9 3 0 
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Figuro 12. MMCS Register 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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A19 A10 
13087D-014 
Figure 13. PACS Register 
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PCSS5 and PCS6 can also be programmed to provide 
latched address bits A1 and A2. If so programmed, they 
cannot be used as peripheral selects. These outputs 
canbe connected directly to the AO and A1 pins used for 
selecting internal registers of 8-bit peripheral chips. This 
scheme simplifies the external hardware because the 
peripheral registers can be located on even boundaries 
in /O or memory space. 


The starting address of the peripheral chip-select block 
is defined by the PACS register (see Figure 13). The 
register is located at offset A4H in the internal control 
block. Bits 15—6 of this register correspond to bits 19-10 
of the 20-bit Programmable Base Address (PBA) of the 
peripheral chip-select block. Bits 9—0 of the PBA of the 
peripheral chip-select block are all Os. If the chip-select 
block is located in /O space, bits 15-12 must be pro- 
grammed 0, since the I/O address is only 16-bits wide. 
Table 9 shows the address range of each peripheral 
chip select with respect to the PBA contained in PACS 
register. 


The user should program bits 15—6 to correspond to the 
desired peripheral base location. PACS bits 2-0 are 
used to specify READY mode for PCS3-PCS0. MPCS 
bits 2-0 specify the READY mode for PCS6—-PCS4, as 
outlined below. 


Tablo 9. PCS Address Ranges 


PCS Line Active between Locations 
PCsoO PBA —PBA+ 127 
PCST PBA+ 128—PBA+ 255 
PCS2 PBA+256—PBA+383 
PCS3 PBA+384—PBA+511 
PCS4 PBA+512—PBA+639 
PCS5 PBA+640—PBA + 767 
PCS6 PBA+ 768—PBA+ 895 


The mode of operation of the peripheral chip selects is 
defined by the MPCS register (which is also used to set 
the size of the mid-range memory chip-select block, see 
Figure 11). The register is located at offset A8H in the 
internal control block. Bit 7 is used to select the function 
of PCS5 and PCS6, while bit 6 is used to select whether 
the peripheral chip selects are mapped into memory or 
l/O space. Table 10 describes the programming ofthese 
bits. After reset, the contents of both the MPCS and the 
PACS registers are undefined; however, none of the 
PCS lines will be active until both of the MPCS and 
PACS registers are accessed. 








Tablo 10. MS, EX Programming Values 


Bit Description 

MS 1=Peripherals mapped into memory space. 
0=Peripherals mapped into I/O space. 

EX 0=5 PCS lines. Al, A2 provided. 


1=7 PCS lines. Al, A2 are not provided. 
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READY Generation Logic 


The 800188 can generate a READY signal internally for 
each of the memory or peripheral CS lines. The number 
of WAIT states to be inserted for each peripheral or 
memory is programmable to provide 3-0 WAIT states 
for all accesses to the area for which the chip select is 
active. In addition, the 80C188 may be programmed to 
either ignore external READY for each chip-select 
range individually or to factor external READY with the 
integrated ready generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the 80C188. The interpreta- 
tion of the READY bits is shown in Table 11. 


Table 11. READY Bits Programming 


R2 Ri RO Number of WAIT States Generated 


(oe) O wait states, external RDY also used. 

0 «OO 1 1 wait state inserted, external RDY 
also used. 

Oo 4 0 2 wait states inserted, external RDY 
also used. 

Oo (4 1 3 wait states inserted, external RDY 
also used. 

1 O 0 wait states, external RDY ignored. 

1 #O 1 1 wait state inserted, external RDY 
ignored. 

1 1 0 2 wait states inserted, external RDY 
ignored. 

1 1 1 3 wait states inserted, external RDY 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY is 
used (R2=0). For example, if the internal generator is 
set to insert two wait states, but activity on the external 
READY lines will insert four wait states, the processor 
will only insert four wait states, not six. This is because 
the two wait states generated by the internal generator 
overlapped the first two wait states generated by the ex- 
ternal ready signal. Note that the external ARDY and 
SRDY lines are always ignored during cycles accessing 
internal peripherals. 


R2-RO0 of each control word specifies the READY mode 
for the corresponding block, with the exception of the 
peripheral chip selects: R2—-RO of PACS set the 
PCS3-PCS0O READY mode, R2-RO of MPCS set the 
PCS6—-PCS4 READY mode. 


Chip Select/Ready Logic and Reset 


Upon RESET, the Chip-Select/Ready Logic will perform 
the following actions: 


e All chip-select outputs will be driven High. 
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e Upon leaving RESET, the UCS line will be 
programmed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 011 
to insert three wait states in conjunction with external 
Ready (i.e., UMCS resets to FFBH). 


e Noother chip select or READY control registers have 
any predefined values after RESET. They will not 
become active until the CPU accesses their control 
registers. Both the PACS and MPCS registers must 
be accessed before the PCS lines will become active. 


DMA CHANNELS 


The 80C188 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and I/O spaces (e.g., Memory to I/O) 
or within the same space (e.g., Memory to Memory or 
V/O to I/O). Data can be transferred either in bytes 
(8 bits) or in words (16 bits) to or from even or odd ad- 
dresses. Each DMA channel maintains both a 20-bit 
source and destination pointer which can be optionally 
incremented or decremented after each data transfer 
(by one or two, depending on byte or word transfers). 
Each data transfer consumes 2 bus cycles (a minimum 
of 8 clocks), one cycle to fetch data and the other to store 
data. 


DMA Operation 


Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer 
(2 words), a 20-bit Destination Pointer (2 words), a 
16-bit Transfer Count Register, and a 16-bit Control 
Word. The format of the DMA Control Blocks is shown 
in Table 12. The Transfer Count Register (TC) specifies 
the number of DMA transfers to be performed. Up to 
64 Kbyte or word transfers can be performed with auto- 
matic termination. The Control Word defines the 
channel's operation (see Figure 15). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. 
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Table 12. DMA Control Block Format 


Register Address 
Register Name Cho Chi 
Control Word CAH DAH 
Transfer Control C8H D8H 
Destination Pointer (upper 4 bits) C6H D6H 
Destination Pointer C4H D4H 
Source Pointer (upper 4 bits) C2H D2H 
Source Pointer COH DOH 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the mode 
of operation for the particular 80C188 DMA channel. 
This register specifies: 


e the mode of synchronization; 
e whether bytes or words will be transferred; 


e whether interrupts will be generated after the last 
transfer; 


e whether DMA activity will cease after a programmed 
number of DMA cycles; 


e the relative priority of the DMA channel with respect to 
the other DMA channel; 


e whether the source pointer will be incremented, 
decremented, or maintained constant after each 
transfer; 


e whether the source pointer addresses memory or /O 
space; 
e whether the destination pointer will be incremented, 


decremented, or maintained constant after each 
transfer; and, 


e whether the destination pointer will address memory 
or I/O space. 


The DMA channel control registers may be changed 
while the channel is operating. However, any changes 
made during operation will affect the current DMA 
transfer. 
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Figure 14. DMA Unit Block Diagram 
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Figure 15. DMA Control Register 
DMA Control Word Bit Descriptions DEC Decrement source pointer by 1 after 
each transfer. 
DEST: ; 
M/i0 Destination pointer is in memory (1) or Ne eremety Sole pointer By: latter 
VO (0) space each transfer. 
nee a i researc If both INC and DEC are specified, the 
presale nls lara ia tae! la pointer will remain constant after each 
ter each transfer. cycle 
INC paeilal ole pointer by 1 after TC If set, DMA will terminate when the 
PAC NSNSIeF: contents of the Transfer Count register 
If both INC and DEC are specified, the reach 0. The ST/STOP bit will also be 
pointer will remain constant after each reset at this point. If this bit is cleared, 
cycle. the DMA unit will decrement the trans- 
SOURCE: fer count register for each DMA cycle, 
MIO ‘ sf but the DMA transfer will not stop when 
is Source pointer is in memory (1) or the contents of the TC register reach 0. 
I/O (0) space. 
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INT Enable Interrupts to CPU upon transfer 
count termination. 


SYN 00 No synchronization 


Note: When unsynchronized transfers are 
specified, the TC bit will be ignored and the 
ST/STOP bit will be cleared upon the trans- 
fer count reaching zero, stopping the chan- 
nel. 


01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 


P Channel priority relative to other chan- 
nel during simultaneous requests. 
0 Low priority 
1 High priority. 
Channels will alternate cycles if both 
are set at same priority level. 


Enable/Disable (1/0) DMA requests 
from Timer 2. 


CHG/NOCHG Change/Donotchange (1/0) ST/STOP 
bit. If this bit is set when writing to 
the control word, the ST/STOP bit will 
be programmed by the write to the con- 
trol word. If this bit is cleared when writ- 
ing the control word, the ST/STOP bit 
will not be altered. This bit is not stored; 
it will always be read as 0. 


Start/Stop (1/0) channel. 


TDRQ 


ST/STOP 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers takes 
up two full 16-bit registers in the peripheral control 
block. For each DMA channelto be used, all four pointer 
registers must be initialized. The lower four bits of the 
upper register contain the upper four bits of the 20-bit 
physical address (see Figure 16). These pointers may 
be individually incremented or decremented after each 
transfer. If word transfers are performed, the pointer is 
incremented or decremented by two. 
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Figure 16. DMA Pointer Register Format 
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Each pointer may point into either memory or I/O space. 
Since the upper four bits of the address are not auto- 
matically programmed to zero, the user must program 
them in order to address the normal 64K I/O space. 
Since the DMA channels can perform transfers to or 
from odd addresses, there is no restriction on values for 
the pointer registers. Higher transfer rates can be 
achieved if all word transfers are performed to or from 
even addresses so that accesses will occur in single bus 
cycles. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every 
DMA cycle, regardless of the state of the TC bit in 
the DMA Control Register. If the TC bit in the DMA 
control word is set or if unsynchronized transfers are 
programmed, however, DMA activity will terminate 
when the transfer counter register reaches 0. 


DMA Requests 


Data transfers may be either source or destination syn- 
chronized, that is, either the source of the data or the 
destination of the data may request the data transfer. In 
addition, DMA transfers may be unsynchronized (i.e., 
the transfer will take place continually until the correct 
number of transfers has occurred). When source or 
unsynchronized transfers are performed, the DMA 
channel may begin another transfer immediately after 
the end of a previous DMA transfer. This allows a com- 
plete transfer to take place every 2-bus cycles or 8-clock 
cycles (assuming no wait states). When destination syn- 
chronization is performed, data will not be fetched from 
the source address until the destination device signals 
that it is ready to receive it. When destination synchro- 
nized transfers are requested, the DMA controller will 
relinquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This allows the desti- 
nation device time to remove its request if another 
transfer is not desired. Since the DMA controller will 
relinquish the bus, the CPU can initiate a bus cycle. As 
a result, a complete bus cycle will often be inserted be- 
tween destination-synchronized transfers. Table 13 
shows the maximum DMA transfer rates. 


Table 13. Maximum DMA Transfer Rates at 16 MHz 


Type of 
Synchronization CPU CPU 
Selected Running Halted 
Unsynchronized 2.0 Mb/s 2.0 Mb/s 
Source Synch 2.0 Mb/s 2.0 Mb/s 
Destination Synch 1.3 Mb/s 1.6 Mb/s 
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DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. Since 
both source and destination pointers are maintained, a 
read from a requesting source, ora write to a requesting 
destination, should be used as the DMA acknowledge 
signal. Since the chip-select lines can be programmed 
to be active for a given block of memory or I/O space, 
and the DMA pointers can be programmed to point to 
the same given block, a chip-select line could be used 
to indicate a DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that one 
channel is always given priority over the other, or they 
may be programmed such as to alternate cycles when 
both have DMA requests pending. DMA cycles always 
have priority over internal CPU cycles except between 
locked memory accesses or word accesses to odd 
memory locations; however, an external bus hold takes 
priority over an internal DMA cycle. Because an inter- 
rupt request cannot suspend a DMA operation and the 
CPU cannot access memory during a DMA cycle, inter- 
rupt latency time will suffer during sequences of continu- 
ous DMA cycles. An NMI request, however, will cause 
all internal DMA activity to halt. This allows the CPU to 
quickly respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of the 
Control Register is set. If synchronized transfers are 
programmed, a DRQ must also be generated. There- 
fore, the source and destination transfer pointers, and 
the transfer count register (if used), must be pro- 
grammed before the ST/STOP bit is set. 


Each DMA register may be modified while the channel 
is operating. If the CHG/NOCHG bit is cleared when 
the control register is written, the ST/STOP bit of the 
control register will not be modified by the write. If multi- 
ple channel registers are modified, it is recommended 
that aLOCKED string transfer be used to prevent a DMA 
transfer from occurring between updates to the channel 
registers. 


DMA Channels and Reset 


Upon RESET, the state of the DMA channels will be as 
follows: 


e The ST/STOP bit for each channel will be reset to 
STOP. 


e Any transfer in progress is aborted. 





e The values of the transfer count registers, source 
pointers, and destination pointers are indeterminate. 
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TIMERS 


The 800188 provides three internal 16-bit programma- 
ble timers (see Figure 17). Two of these are highly flex- 
ible and are connected to four external pins (2 pertimer). 
They can be used to count external events, time exter- 
nal events, generate non-repetitive waveforms, etc. The 
third timer is not connected to any external pins, and is 
useful for real-time coding and time delay applications. 
In addition, this third timer can be used as a prescaler to 
the other two, or as a DMA request source. 


Timer Operation 


The timers are controlled by eleven 16-bit registers in 
the peripheral control block. The configuration of these 
registers is shown in Table 14. The count register con- 
tains the current value of the timer. It can be read or 
written at any time independent of whether the timer is 
running or not. The value of this register will be incre- 
mented for each timer event. Each of the timers is 
equipped with a MAX COUNT register, which defines 
the maximum count the timer will reach. After reaching 
the MAX COUNT register value, the timer count value 
will reset to 0 during that same clock (i.e., the maximum 
count value is never stored in the count register itself). 
Timers 0 and 1 are, in addition, equipped with a second 
MAX COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values. If a single MAX COUNT register is used, the 
timer output pin will switch Low for a clock, one clock 
after the maximum count value has been reached. In 
the dual MAX COUNT register mode, the output pin will 
indicate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cycle, 
and thus can operate at speeds up to one-quarter the 
internal clock frequency (one-eighth the crystal rate). 
External clocking of the timers may be done at up toa 
rate of one-quarter of the intemal CPU-clock rate. Due 
to internal synchronization and pipelining of the timer 
circuitry, a timer output may take up to six clocks to 
respond to any individual clock or gate input. 


Since the count registers and the maximum count 
registers are all 16-bits wide, 16 bits of resolution are 
provided. However, any Read or Write access to the 
timers will add one wait state to the minimum four-clock 
bus cycle. This is needed to synchronize and coordinate 
the internal data flows between the internal timers and 
the internal bus. 
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Figure 17. Timer Block Diagram 


The timers have several programmable options: 


e All three timers can be set to halt or continue on a 
terminal count. 


e Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers, and be set to retrigger on external events. 


e The timers may be programmed to cause an interrupt 
on terminal count. 


These options are selectable via the timer mode/control 
word. 


Timer Mode/Control Register 


The mode/control register (see Figure 18) allows the 
user to program the specific mode of operation or check 
the current programmed status for any of the three inte- 
grated timers. 


Table 14. Timer Control Block Format 
Register Offset 


Timer 1 









Register Name 








Mode/Control Word 5EH 66H 
Max Count B 5CH | Not Present 
Max Count A 5AH 62H 
Count Register 58H 60H 


EN 


The Enable bit provides programmer control over the 
timers RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin constraints in 


the internal clock mode (discussed previously). When 
cleared, the timer will be inhibited from counting. All in- 
put pin transitions during the time EN is 0 will be ignored. 
If CONT is 0, the EN bit is automatically cleared upon 
maximum count. 


INH 


The Inhibit bit allows the selective updating of the enable 
(EN) bit. If INH is a 1 during the write to the mode/control 
word, then the state of the EN bit will be modified by the 
write. If INH is a 0 during the write, the EN bit will be unaf- 
fected by the operation. This bit is not stored; it will al- 
ways be a 0 on a read. 


INT 


When set, the INT bit enables interrupts from the timer, 
which will be generated on every terminal count. If the 
timer is configured in dual MAX COUNT register mode, 
an interrupt will be generated each time the value in 
MAX COUNT register A is reached and each time the 
value in MAX COUNT register B is reached. If this en- 
able bit is cleared after the interrupt request has been 
generated, but before a pending interrupt is serviced, 
the interrupt request will still be in force. (The request is 
latched in the Interrupt Controller.) 


RIU 


The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A 0 value indicates register A. The 
RIU bit cannot be written, i.e., its value is not affected 
when the control register is written. It is always cleared 
when the ALT bit is 0. 
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MC 


The Maximum Count bit is set whenever the timer 
reaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, the bit 
willbe set each time the value in MAX COUNT registerA 
is reached, and each time the value in MAX COUNT 
register B is reached. The MC bit is set regardless of 
the timer’s interrupt-enable bit. This allows the user to 
monitor timer status through software instead of 


through interrupts (a programmer's intervention is 
required to clear this bit). 
RTG 


The Retrigger bit is only active for internal clocking 
(EXT =0). In this case it determines the control function 
provided by the input pin. 


If RTG =O, the input level gates the intemal clock on and 
off. If the input pin is High, the timer will count; if the input 
pin is Low, the timer will hold its value. As indicated pre- 
viously, the input signal may be asynchronous with re- 
spect to the 80C188 clock. 


When RTG = 1, the input pin detects Low-to-High transi- 
tions. The first such transition starts the timer running, 
clearing the timer value to 0 on the first clock, and then 
incrementing thereafter. Further transitions on the input 
pin will again reset the timer to 0, from which it will start 
counting up again. If CONT=0, when the timer has 
reached maximum count, the EN bit will be cleared, in- 
hibiting further timer activity. 


P 


The Prescaler bit is ignored unless internal clocking has 
been selected (EXT =0). If the P bit is a 0, the timer will 
count at one-fourth the internal CPU clock rate. If the P 
bit is a 1, the output of Timer 2 will be used as a clock for 
the timer. Note that the user must initialize and start 
Timer 2 to obtain the prescaled clock. 


EXT 


The External bit selects between internal and external 
clocking for the timer. The external signal may be asyn- 
chronous with respect to the 80C188 clock. 
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If this bit is set, the timer will count Low-to-High transi- 
tions on the input pin. If cleared, it will count an internal 
clock while using the input pin for control. In this mode, 
the function of the external pin is defined by the RTG bit. 
The maximum input to output transition latency time 
may be as much as six clocks. However, clock inputs 
may be pipelined as closely together as every four 
clocks without losing clock pulses. 


ALT 


The ALT bit determines which of two MAX COUNT reg- 
isters is used for count comparison. If ALT =0, register A 
for that timer is always used, while if ALT=1, the 
comparison will alternate between register A and regis- 
ter B when each maximum count is reached. This 
alternation allows the user to change one MAX COUNT 
register while the other is being used, and thus provides 
a method of generating non-repetitive waveforms. 
Square waves and pulse outputs of any duty cycle area 
subset of available signals obtained by not changing 
the final count registers. The ALT bit also determines 
the function of the timer output pin. If ALT is 0, the out- 
put pin will go Low for one clock, the clock after the 
maximum count is reached. If ALT is 1, the output pin 
will reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT 


Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt 
upon maximum count. If CONT=0 and ALT=1, the 
timer will count to the MAX COUNT register A value, re- 
set, count to the register B value, reset, and halt. 


Not all mode bits are provided for Timer 2. Certain bits 
are hardwired as indicated below: 


ALT=0, EXT =0, P=0, RTG=0, RIU=0 


15 14 13 12 11 5 4 3 2 1 (0) 
Pen [WH [wr] ru] o [....] wo]are] p | ext] at] cont 
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Figure 18. Timer Mode/Control Register 
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Count Registers 


Each of the three timers has a 16-bit count register. The 
contents of this register may be read or written by the 
processor at any time. If the register is written into while 
the timeris counting, the new value will take effect in the 
current count cycle. 


The count registers should be programmed before 
attempting to use the timers, since they are not auto- 
matically initialized to zero. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while 
Timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. In timers 0 
and 1, the MAX COUNT register used can alternate 
between the two MAX COUNT values whenever the 
current maximum count is reached. A timer resets 
when the timer count register equals the MAX COUNT 
value being used. If the timer count register or the 
MAX COUNT register is changed so that the MAX 
COUNT is less than the timer count the timer does not 
immediately reset. Instead, the timer counts up to 
OFFFFH, “wraps around” to zero, counts up to the 
MAX COUNT value, and then resets. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
actions: 


e All EN (Enable) bits are reset preventing timer 
counting. 


© For Timers 0 and 1, the RIU bits are reset to zero and 
the ALT bits are set to one. This results in the Timer 
Out pins going High. 


e Thecontents of the count registers are indeterminate. 


INTERRUPT CONTROLLER 


The 800188 can receive interrupts from a number 
of sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on a 
priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA channels) 
can be disabled by their own control registers or by 
mask bits within the interrupt controller. The 80C 188 in- 
terrupt controller has its own control register that sets 
the mode of operation for the controller. 


The interrupt controller will simultaneously resolve pri- 
ority among requests that are pending. Nesting is 
provided so interrupt service routines for lower priority 
interrupts may themselves be interrupted by higher 
priority interrupts. A block diagram of the interrupt 
controller is shown in Figure 19. 
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The 800188 has a special slave mode in which the inter- 
nal interrupt controller acts as a slave to an external 
master. The controller is programmed into this mode by 
setting bit 14 in the peripheral control block relocation 
register (see Slave Mode section). 


MASTER MODE OPERATION 
Interrupt Controller External Interface 


Five pins are provided for external interrupt sources. 
One of these pins is NMI, the non-maskable interrupt. 
NMI is generally used for unusual events such as 
power-fail interrupts. The other four pins may be config- 
ured in any of the following ways: 


e As four interrupt lines with internally generated 
interrupt vectors. 


e As an interrupt line and interrupt acknowledge line 
pair (cascade mode) with externally generated 
interrupt vectors plus two interrupt input lines with 
internally generated vectors. 


e As two pairs of interrupt/interrupt acknowledge lines 
(cascade mode) with externally generated interrupt 
vectors. 


External sources in the cascade mode use extemally 
generated interrupt vectors. When an interrupt is ac- 
knowledged, two INTA cycles are initiated and the 
vector is read into the 80C188 on the second cycle. 
The ability to interface with external 82C59A pro- 
grammable interrupt controllers is possible only if the 
inputs are configured in cascade mode. 


Interrupt Controller Modes of Operation 


The basic modes of operation of the interrupt controller 
in master mode are similar to the 82C59A. The interrupt 
controller responds identically to internal interrupts in all 
three modes; the only difference is in the interpretation 
of the function of the four external interrupt pins. The 
interrupt controller is set into one of these three modes 
by programming the correct bits in the INTO and INT1 
control registers. The modes of interrupt controller op- 
eration are as follows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as di- 
rect interrupt requests as in Figure 20. The vectors for 
these four inputs are generated internally. An in-service 
bit is provided for every interrupt source. If a lower-prior- 
ity device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the interrupt 
controller. In addition, if another interrupt request occurs 
from the same interrupt source while the in-service bit is 
set, no interrupt will be generated by the interrupt con- 
troller. This allows interrupt service routines to operate 
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with interrupts enabled, yet be suspended only by inter- 
rupts of higher priority than the in-service interrupt. 


When a service routine is completed, the proper IS bit 
must be reset by writing the proper pattern to the EOI 
register. This is required to allow subsequent interrupts 
from this interrupt source and to allow servicing of lower- 
priority interrupts. An EOI command is executed at the 
end of the service routine just before the return from in- 
terrupt instruction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit set 
is then serviced. 


Cascado Modo 


The 80C188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode, the four 
pins are used as direct interrupt inputs and the corre- 
sponding vectors are generated internally. In the cas- 
cade mode, the four pins are configured into interrupt 
input-dedicated acknowledge signal pairs. The inter- 
connection is shown in Figure 21. INTO is an interrupt 
input interfaced to an 82C59A, while INT2ANTAO serves 
as the dedicated interrupt acknowledge signal to that 
peripheral. The same is true for INT1 and INT3/INTAT. 
Each pair can selectively be placed in the cascade or 
non-cascade mode by programming the proper value 
into the INTO and INT1 control registers (the use of the 
dedicated acknowledge signals eliminates the need for 
the use of external logic to generate INTA and device 
select signals). 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 82C59As. Three 
levels of priority are created, requiring priority resolution 
in the 80C188 interrupt controller, the master 82C59As, 
and the slave 82C59As. If an external interrupt is serv- 
iced, one IS bit is set at each of these levels. When 
the interrupt service routine is completed, up to three 
end-of-interrupt commands must be issued by the 
programmer. 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in the 
INTO or INT1 control register. It enables complete nes- 
tability with external 82C59A masters. Normally, an 
interrupt request from an interrupt source will not be rec- 
ognized unless the in-service bit for that source is reset. 
If more than one interrupt source is connected to an 
external interrupt controller, all of the interrupts will be 
funneled through the same 80C188 interrupt request 
pin. As a result, if the external interrupt controller 
receives a higher-priority interrupt, its interrupt will not 
be recognized by the 800188 controller until the 
80C188 inservice bit is reset. In special fully nested 
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mode, the 80C188 interrupt controller will allow inter- 
rupts from an external pin, regardless of the state of the 
in-service bit for an interrupt source, in order to allow 
multiple interrupts from a single pin. An in-service bit will 
continue to be set, however, to inhibit interrupts from 
other lower-priority 80C188 interrupt sources. 


Special procedures should be followed when reseiting 
IS bits at the end of interrupt service routines. Software 
polling of the IS register in the external master 82C59A 
is required to determine if there is more than one bit set. 
If so, the IS bit inthe 80C 188 remains active and the next 
interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in apolled mode if interrupts 
are undesirable. When polling, the processor disables 
interrupts and then polls the interrupt controller when- 
ever it is convenient. Polling the interrupt controller is 
accomplished by reading the Poll Word (Figure 30). 
Bit 15 in the poll word indicates to the processor that an 
interrupt of high enough priority is requesting service. 
Bits 4-0 indicate to the processor the type vector of the 
highest-priority source requesting service. Reading the 
Poll Word causes the in-service bit of the highest-priority 
source to be set. 


It is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, that is, not set the indicated in-service bit. The 
80C188 provides a Poll Status Word, in addition to the 
conventional Poll Word, to allow this to be done. Poll 
Word information is duplicated in the Poll Status Word, 
but reading the Poll Status Word does not set the 
associated in-service bit. These words are located in 
two adjacent memory locations in the register file. 


Master Mode Features 
Programmable Priority 


The user can program the interrupt sources into any of 
eight different priority levels. The programming is done 
by placing a 3-bit priority level (O—7) in the control regis- 
ter of each interrupt source. (A source with a priority 
level of 4 has higher priority over all priority levels from 
5 to 7. Priority registers containing values lower than 
4 have greater priority.) All interrupt sources have pre- 
programmed default priority levels (see Table 3). 


If two requests with the same programmed priority level 
are pending at once, the priority ordering scheme shown 
in Table 3 is used. If the serviced interrupt routine 
reenables interrupts, it allows other interrupt requests to 
be serviced. 
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Figure 20. Fully Nested (Direct) Mode Interrupt Controller Connections 
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End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the pro- 
grammer to reset the in-service (IS) bit when an inter- 
rupt service routine is completed. The EO! command is 
issued by writing the proper pattern to the EOI register. 
There are two types of EOI commands, specific and 
non-specific. The non-specific command does not spec- 
ify which IS bit is reset. When issued, the interrupt 
controller automatically resets the IS bit of the highest 
priority source with an active service routine. A specific 
EOI command requires that the programmer send the 
interrupt vector type to the interrupt controller indicating 
which source's IS bit is to be reset. This command is 
used when the fully nested structure has been disturbed 
or the highest priority IS bit that was set does not belong 
to the service routine in progress. 


Trigger Mode 


The four external interrupt pins can be programmed in 
either edge- or level-trigger mode. The control register 
for each external source has a level-trigger mode (LTM) 
bit. Allinterrupt inputs are active High. Inthe edge sense 
mode or the level-trigger mode, the interrupt request 
must remain active (High) until the interrupt request is 
acknowledged by the 80C188 CPU. In the edge-sense 
mode, if the level remains high after the interrupt is 
acknowledged, the input is disabled and no further 
requests will be generated. The input level must go Low 
for at least one clock cycle to reenable the input. In the 
level-trigger mode, no such provision is made; holding 
the interrupt input High will cause continuous interrupt 
requests. 


Interrupt Vectoring 


The 800186 Interrupt Controller will generate interrupt 
vectors for the integrated DMA channels and the inte- 
grated Timers. In addition, the Interrupt Controller will 
generate interrupt vectors for the external interrupt 
lines, if they are not configured in Cascade or Special 
Fully Nested Mode. The interrupt vectors generated are 
fixed and cannot be changed (see Table 3). 


Interrupt Controller Registers 


The Interrupt Controller Register mode is shown in 
Figure 22. It contains 15 registers. All registers can be 
either read or written, unless specified otherwise. 


In-Service Register 


This register can be read from or written into (the format 
is shown in Figure 23). It contains the in-service bit for 
each of the interrupt sources. The in-service bit is set to 
indicate that a source's service routine is in progress. 
When an in-service bit is set, the interrupt controller will 
not generate interrupts to the CPU when it receives in- 
terrupt requests from devices with a lower programmed 


priority level. The TMR bit is the in-service bit for all three 
timers; the DO and D1 bits are the in-service bits for the 
two DMA channels; the 13-10 are the in-service bits for 
the external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either by 
an interrupt acknowledge or by reading the poll register. 
The IS bit is reset at the end of the interrupt service rou- 
tine by an end-of-interrupt command. 


Interrupt Request Register 


The intemal interrupt sources have interrupt request bits 
inside the interrupt controller. The format of this register 
is shown in Figure 23. A read from this register yields the 
status of these bits. The TMR bit is the logical OR of all 
timer interrupt requests. DO and D1 are the interrupt re- 
quest bits for the DMA channels. 


The state of the external interrupt input pins is also indi- 
cated. The state of the extemal interrupt pins is not 
a stored condition inside the interrupt controller; there- 
fore, the external interrupt bits cannot be written. The 
external interrupt request bits are set when an interrupt 
request is given to the interrupt controller, so if edge- 
triggered mode is selected, the bit in the register will be 
High only after an inactive-to-active transition. For inter- 
nal interrupt sources, the register bits are set when a 
request arrives and are reset when the processor 
acknowledges the requests. 


Writes to the interrupt request register will affect the DO 
and D1 interrupt request bits. Setting either bit willcause 
the corresponding interrupt request while clearing either 
bit will remove the corresponding interrupt request. All 
other bits in the register are read-only. 


Mask Register 


The Mask Register is a 16-bit register that contains a 
mask bit for each interrupt source. The format for this 
register is shown in Figure 23. A one (1) in a bit position 
corresponding to a particular source serves to mask the 
source from generating interrupts. These mask bits are 
the exact same bits which are used in the individual con- 
trol registers; programming a mask bit using the mask 
register will also change this bit in the individual control 
registers, and vice versa. 


Priority Mask Register 


This register is used to mask all interrupts below a par- 
ticular interrupt priority level. The format of this register 
is shown in Figure 24. The code in the lower three bits of 
this register inhibits interrupts of priority lower (a higher 
priority number) than the code specified. For example, 
100 written into this register masks interrupts of level 
five (101), six (110), and seven (111). The register is re- 
set to seven (111) upon RESET so no interrupts are 
masked due to priority number. 
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Figure 21. Cascade and Special Fully Nest Mode Interrupt Controller Connections 





Interrupt Status Register 


This register contains general interrupt controller status 
information. The format of this register is shown in 
Figure 25. The bits in the status register have the follow- 
ing functions: 


DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set whenever 
a non-maskable interrupt occurs, and it is reset 
when an IRET instruction is executed. This bit 
allows prompt service of all non-maskable 
interrupts. This bit may also be set by the 
programmer. 


IRTx: These three bits represent the individual timer 
interrupt request bits. These bits differentiate 
between timer interrupts, since the timer IR bit in 
the interrupt request register is the OR function 
of all timer interrupt requests. Note that setting 
any one of these three bits initiates an interrupt 
request to the interrupt controller. 


Timer, DMA 0, 1; Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format for these registers is 
shown in Figure 26. The three bit positions PRO, PR1, 
and PR2 represent the programmable priority level of 
the interrupt source. The MSK bit inhibits interrupt 
requests from the interrupt source. The MSK bits in 


the individual control registers are the exact same bits 
as in the Mask Register; modifying them in the individual 
control registers will also modify them in the Mask 
Register, and vice versa. 


Offset 
3EH 
3CH 
3AH 
38H 
36H 
34H 
32H 
30H 
2EH 
2CH 
2AH 
28H 
26H 
24H 
22H 












EO! Register 
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Figure 22. Interrupt Controller Registers 
(Master Mode) 
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Figure 23. In-Service, Interrupt Request, and Mask Register Formats 


15 14 3 2 1 0 
pope PRM] PRIMA PRIMO] 
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Figure 24. Priority Mask Register Format 


15 14 7 6 5 4 3 2 1 0 
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Figure 25. Interrupt Status Register Format (Master Mode) 


15 14 4 3 2 1 ¢) 
|_o | Msk| PRa| PRi| PRO 
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Figure 26. Timer/DMA Control Register Formats 


15 14 7 6 5 4 3 2 1 0 
pop... | fSeNM] ¢ [tM [ Msk] PR2 | PR: | PRo| 
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Figure 27. INTOANT1 Control Register Formats 


15 14 5 4 3 2 1 0 
pop. TM sk] PR | PRI] PRO 
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Figure 28. INT2/INT3 Control Register Formats 
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INT3-INTO Control Registers 


These registers are the control words for the four exter- 
nal input pins. Figure 27 shows the format of the INTO 
and INT1 Control registers; Figure 28 shows the format 
of the INT2 and INTS3 Control registers. In cascade 
mode or special fully nested mode, the control words for 
INT2 and INTS3 are not used. 


The bits in the various control registers are encoded as 
follows: 


PR2-0: Priority programming information. Highest 
priority = 000, lowest priority = 111. 

LTM: Level-trigger mode bit. 1=level-triggered; 
0=edge-triggered. Interrupt input levels are 
active High. In level-triggered mode, an inter- 
rupt is generated whenever the external line is 
High. In edge-triggered mode, an interrupt will 
be generated only when this level is preceded 
by an inactive-to-active transition on the line. 
In both cases, the level must remain active 
until the interrupt is acknowledged. 


MSK: Mask bit, 1 = mask; 0 =non-mask. 
C: Cascade mode bit, 1 =cascade; 0 =direct. 
SFNM: Special fully nested mode bit, 1=SFNM 


EO! Register 


The end of the interrupt register is a command register 
which can only be written into. The format of this register 
is shown in Figure 29. It initiates an EOI command when 
written to by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 


Sx: Encoded information that specifies an 
interrupt source vector type as shown in Table 
3. For example, to reset the In-service bit for 
DMA channel 0, these bits should be set to 
01010, since the vector type for DMA channel 
Ois 10. 


Note: To reset the single In-Service bit for any 
of the three timers, the vector type for Timer 
0(8) should be written in this register. 


NSPEC/ 
SPEC: A bit that determines the type of EOI 
command. Nonspecific = 1, Specific = 0. 


Poll and Poll Status Registers 


These registers contain polling information. The format 
of these registers is shown in Figure 30. They can only 
be read. Reading the Poll register constitutes a software 
poll. This will set the IS bit of the highest priority pending 
interrupt. Reading the poll status register will not set the 
IS bit of the highest priority pending interrupt; only the 
status of pending interrupts will be provided. 


PRELIMINARY 


Encoding of the Poll and Poll Status register bits are as 
follows: 


Sx: Encoded information that indicates the vector 
type of the highest priority interrupting source. 
Valid only when INTREQ= 1. 


INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request =1; no Interrupt 
Request =0. 


SLAVE MODE OPERATION 


When slave mode is used, the internal 80C 188 interrupt 
controller willbe used as a slave controller to an external 
master interrupt controller. The internal 80C188 re- 
sources will be monitored by the internal interrupt 
controller, while the external controller functions as the 
system master interrupt controller. 


Upon reset, the 80C188 will be in the master mode. To 
provide for slave mode operation, bit 14 of the relocation 
register should be set (see Figure 7). 


Because of pin limitations caused by the need to 
interface to an external 82C59A master, the internal 
interrupt controller will no longer accept external in- 
puts. There are, however, enough 80C188 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has its 
own mask bit, IS bit, and control word. 


In slave mode each peripheral must be assigned a 
unique priority to ensure proper interrupt controller 
operation. Therefore, it is the programmers respons- 
ibility to assign correct priorities and initialize interrupt 
control registers before enabling interrupts. 


Slave Mode External Interface 


The configuration of the 800188 with respect to an ex- 
ternal 82C59A master is shown in Figure 31. The INTO 
(Pin 45) input is used as the 80C188 CPU interrupt 
input. INT3/IRQ (Pin 41) functions as an output to send 
the 800188 slave-interrupt-request to one of the eight 
master PIC inputs. 


Correct master-slave interface requires decoding of 
the slave addresses (CAS2—CAS0). Slave 82C59As do 
this internally. Because of pin limitations, the 800188 
slave address will have to be decoded externally. 
INT1/SELECT (Pin 44) is used as a slave-select input. 
Note that the slave vector address is transferred inter- 
nally, but the READY input must be supplied externally. 


INT2/INTAO (Pin 42) is used as an acknowledge output, 
suitable to drive the INTA input of an 82C59A. 








114 800188 


PRELIMINARY 


1 


AMD a. 


5 14 13 5 4 3 2 1 0 
SPEC/ 
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Figure 29. EOI Register Format 
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pmalo fof. 2 fof of oe] oe] si] | 





Figure 30. Poll Register Format 
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Interrupt Sources 
INT or Other Slaves 
82C59A 
A 

Cascade 
Address 
Decoder 
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Figure 31. Slave Mode Interrupt Controller Connections 





Interrupt Nesting 


Slave mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the priority 
logic masks off all priority levels except those with equal 
or higher priority. 


Vector Generation in the Slave Mode 


Vector generation in slave mode is exactly like that of an 
8259A or 82C59A slave. The interrupt controller gener- 
ates an 8-bit vector type number which the CPU multi- 
plies by four and uses as an address into the vector 
table. The five most significant bits of this type number 
are user-programmable while the three least significant 
bits are defined according to Figure 32. The significant 
five bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 20H. 


Specific End-of-Interrupt 


In slave mode the specific EO! command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an in- 
service bit to be reset. The command is executed by 
writing the correct value in the Specific EOI register at 
offset 22H. 


Interrupt Controller Registers in the Slave Mode 


Allcontrol and command registers are located inside the 
internal peripheral control block. Figure 32 shows the 
offsets of these registers. 


End-of-Interrupt Register 


The end-of-interrupt register is a command register 
which can only be written. The format of this register is 
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shown in Figure 33. It initiates an EOI command when 
written by the 80C188 CPU. 


The bits in the EOI register are encoded as follows: 


Lx: Encoded value indicating the priority of the IS 
bit to be reset. 


In-Service Register 


This register can be read from or written into. It contains 
the in-service bit for each of the interrupt sources. The 
format for this register is shown in Figure 34. Bit posi- 
tions 2 and 3correspond to the DMA channels; positions 
0, 4, and 5 correspond to the integral timers. The 
source's IS bit is set when the processor acknowledges 
its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals have 
interrupt requests pending. The format of this register is 
shown in Figure 34. The Interrupt request bits are set 
when a request arrives from an intemal source, and are 
reset when the processor acknowledges the request. 
The interrupt, as in master mode, DO and D1 are read/ 
write; all other bits are read only. 


Mask Register 


This register contains a mask bit for each interrupt 
source. The format for this register is shown in Figure 
34. If the bit in this register corresponding to a particular 
interrupt source is set, any interrupts from that source 
will be masked. These mask bits are exactly the same 
bits which are used in the individual control registers; 
that is, changing the state of a mask bit in this register 
will also change the state of the mask bit in the individual 
interrupt control register corresponding to the bit. 


Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format of these registers is shown 
in Figure 35. Each of the timers and both of the DMA 
channels have their own Control Register. 


The bits of the Control Registers are encoded as 
follows: 


Pfx:  3-bit encoded field indicating a priority level for 
the source; note that each source must be 
programmed at specified levels. 


msk: mask bit for the priority level indicated by prx 
bits. 


PRELIMINARY 





Offset 
Timer 2 Control Register 
(Vector Type XXXXX101) 3AH 
Timer 1 Control Register 
(Vector Type XXXXX100) 38H 
DMA 1 Control Register 
(Vector Type XXXXXO1 1) 36H 
DMA 0 Control Recline 
(Vector Type XXXXX010) 34H 
Timer 0 Control Register 
(Vector Type XXXXX000) 32H 
Interrupt Status Register 30H 
Interrupt-Request Register 2EH 
In-Service Register 2CH 
Priority-Level Mask Register 2AH 
Mask Register 28H 
Specific EO! Register 22H 
Interrupt Vector Register 20H 
13087D-033 


Figure 32. Interrupt Controller Registers 
(Slave Mode) 
Interrupt Vector Register 


This register provides the upper five bits of the interrupt 
vector address. The format of this register is shown in 
Figure 36. The interrupt controller itself provides the 
lower three bits of the interrupt vector, as determined by 
the priority level of the interrupt request. 


The format of the bits in this register is: 


tk: 5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level Mask Register 


This register indicates the lowest priority-level interrupt 
which will be serviced. 


The encoding of the bits in this register is: 


mx: 3-bit encoded field indication priority-level 
value. All levels of lower priority will be masked. 


Interrupt Status Register 


This register is defined as in master mode except that 
DHLT is not implemented (see Figure 25). 
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Figure 33. Specific EOI Register Format 


15 14 13 


8 7 6 5 4 3 2 1 0 
po fof... fo fo fo fruretrari] 01 | do | 0 [TMRO 


13087D-035 


Figure 34. In-Service, Interrupt Request, and Mask Register Format 
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Figure 35. Control Word Format 
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Figure 36. Interrupt Vector Register Format 





15 14 13 


7 6 5 4 3 2 1 ¢) 
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Figure 37. Priority Level Mask Register 


Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 
following actions: 

e All SFNM bits reset to 0, implying Fully Nested Mode. 


e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 111). 


All LTM bits reset to 0, resulting in edge-sense mode. 


All Interrupt Service bits reset to 0. 
e All Interrupt Request bits reset to 0. 
e All MSK (Interrupt Mask) bits set to 1 (mask). 


e All C (Cascade) bits reset to 0 (non-cascade). 

e All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 

e Initialized to master mode. 


Enhanced Mode Operation 


In Compatible Mode, the 80C188 operates with all the 
features of the NMOS 80188, with the exception of 8087 
support (i.e., no numeric coprocessing is possible in 
Compatible Mode). Queue-Status information is still 
available for design purposes other than 8087 support. 
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Allthe Enhanced Mode features are completely masked 
when in Compatible Mode. A write to any of the En- 
hanced Mode registers will have no effect, while a read 
will not return any valid data. 


In Enhanced Mode, the 80C188 will operate with 
Power-Save and DRAM refresh, in addition to all the 
Compatible Mode features. 


Entering Enhanced Mode 


Enhanced Mode can be entered by tying the RESET 
output signal from the 80C188 to the TEST input. 


Queue-Status Mode 


The queue-status mode is entered by strapping the RD 
pin Low. RD is sampled at RESET and if Low, the 
80C188 will reconfigure the ALE and WR pins to be QSO 
and QS1, respectively. This mode is available on the 
80C188 in both Compatible and Enhanced Modes. 


DRAM Refresh Control Unit Description 


The Refresh Control Unit (RCU) automatically gener- 
ates DRAM refresh bus cycles and operates only in 
Enhanced Mode. After a programmable period of time, 
the RCU generates a memory read request to the BIU. 
If the address generated during a refresh bus cycle is 
within the range of a properly programmed chip select, 
that chip select will be activated when the BIU executes 
the refresh bus cycle. The ready logic and wait states 
programmed for that region will also be in force. If no 
chip select is activated, then external ready is automati- 
cally required to terminate the refresh bus cycle. 


If the HLDA pin is active when a DRAM refresh request 
is generated (indicating a bus hold condition), then the 
80C 188 will deactivate the HLDA pin in order to perform 
a refresh cycle. The circuit external to the 800188 must 
remove the HOLD signal for at least one clock in order to 
execute the refresh cycle. The sequence of HLDA going 
inactive while HOLD is being held active can be used to 
signal a pending refresh request. 


All registers controlling DRAM refresh may be read and 
written in Enhanced Mode. When the processor is oper- 
ating in Compatible Mode, they are deselected and are 
therefore inaccessible. Some fields of these registers 
cannot be written and are always read as Os. 


DRAM Refresh Addresses 


The address generated during a refresh cycle is deter- 
mined by the contents of the MDRAM register (see 
Figure 38) and the contents of a 9-bit counter. Figure 39 
illustrates the origin of each bit. 


Refresh Control Unit Programming and Operation 


After programming the MDRAM and the CDRAM regis- 
ters (see Figures 38 and 40), the RCU is enabled by 
setting the E bitin the EDRAM register (Figure 41). The 


PRELIMINARY 


clock counter (T8-TO of EDRAM) will be loaded from 
C8-—CO of CDRAM during TS of instruction cycle that 
sets the E bit. The clock counter is then decremented at 
each subsequent CLKOUT. 


Arefresh is requested when the value of the counter has 
reached 1 and the counter is reloaded from CDRAM. In 
order to avoid missing refresh requests, the value in the 
CDRAM register should always be at least 18 (12H). 
Clearing the E bit at anytime will clear the counter and 
stop refresh requests, but will not reset the refresh ad- 
dress counter. 


POWER-SAVE CONTROL 


Power-Save Operation 


The 800188, when in Enhanced Mode, can enter a 
power saving state by internally dividing the processor 
clock frequency by a programmable factor. This divided 
frequency is also available at the CLKOUT pin. The 
PDCON register contains the 3-bit fields for selecting 
the clock division factor and the enable bit. 


All internal logic, including the Refresh Control Unit and 
the timers, will have their clocks slowed down by the 
division factor. To maintain a real time count or a fixed 
DRAM refresh rate, these peripherals must be repro- 
grammed when entering and leaving the power-save 
mode. 


The power-save mode is exited whenever an interrupt is 
processed by automatically resetting the enable bit. If 
the power-save mode is to be re-entered after serving 
the interrupt, the enable bit will need to be set in soft- 
ware before returning from the interrupt routine. 


The internal clocks of the 800188 will begin to be di- 
vided during the T3 state of the instruction cycle that 
sets the enable bit. Clearing the enable bit will restore 
full speed in the T3 state of that instruction. 


The AMD®@ 80C 188 is a static design and as such has 
no minimum clock frequency. 


ONCE Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 800188 has a test mode 
available which allows all pins to be placed in a high- 
impedance state. ONCE stands for “ON Circuit 
Emulation.” When placed in this mode, the 800188 
will put all pins in the high-impedance state until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS Low during RESET. These pins are sampled 
on the low-to-high transition of the RES pin. The UCS 
and LCS pins have weak internal pull-up resistors, simi- 
lar to the RD and TEST pins, to guarantee normal 
operation. 
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
MDRAM: 
ottsoreon LMS] Ms [M4 [ms [m2 [mi [Mo [o |o fo fo | o | o] o | of 0 | 
Bits 15-9: M6-MO are address bits A19—A13 of the 20-bit memory refresh address. These bits should correspond to any 
chip select address to be activated for the DRAM partition. These bits are cleared to 0 at RESET. 


Bits 8-0: Reserved, read back as 0. 
13087D-039 


Figure 38. Memory Partition Register 





Ai9 A18 A17 A16 A15 A1l4 A13 A12 A11 A100 A9 A8 A7 AG AS A4 A3 A2 Ai AO 


Fma] sl mal mal mel wil Mo] 0 | 0 | 0 [oaslcar[ons[cas[ondcas|oaz[carfoad] 1 


Mé6—Mo: Bits defined by MDRAM Register. 
CA8-CAO: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they 


do not directly follow a binary count, but each value is achieved once. 
13087D-040 


Figure 39. Addresses Generated by RCU 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
OterenLe 1° 1° .o Jo Jo | o [os for [os [os [cs [cs] ce [ci [ oo | 
Bits 15-9: Reserved, read back as 0. 
Bits 8-0: C8~-CO, clock divisor register, holds the number of CLKOUT cycles between each refresh request. 
13087D-041 


Figure 40. Clock Pre-Scaler Register 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ofetesiLE |o [o Jo |o Jo | o {ts || re | ts | t4 | 3 | 12 { 1 | To | 


Bit 15: Enable RCU, set to 0 on RESET. 
Bits 14-9: Reserved, read back as 0. 


Bits 8-0: T8—-TO refresh counter outputs. Read only. 
; 13087D-042 


Figure 41. Enable RCU Register 


PDCON: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ie] 
ofsetroH LE_ 1° 1° Jo |[o Jo {jo Jo fo fo} o fo} o [re] Ft] Fo | 
Bit 15: Enable Power-Save Mode. Set to 0 on RESET. 


Bits 14-3: Reserved, read back as 0. 
Bits 2~0: Clock Divisor Select. 


F2 F1 FO Divider Factor F2 Fi FO Divider Factor 
0 O 0. Dwide by 1 1 0 O_ Dwide by 32 

0 O 1. Divide by 4 1 0 1 Divide by 64 

0 1 OO Divide by 8 1 14 O  Dwiide by 128 
0 1 1 Divide by 16 11 #1 Divide by 256 


13087D-043 
Figure 42. Power-Save Control Register 
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A15-A8 
A19-A16, 





aa Terminal 
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Figure 43. Typical 800188 System 
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ABSOLUTE MAXIMUM RATINGS 


Ambient temperature under bias (Ta) .. O°C to +70°C 
Storage temperature ............ —65°C to +150°C 
Voltage on any pin with 

respect to ground ........... -1.0V to +7.0V 
Package power dissipation ................. 1W 


Not to exceed the maximum allowable die temperature 
based on thermal resistance of the package. 


AMD i. 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges 


Ta = 0°C to +70°C, Vec = 5 V410% 


Viv Input Low Voltage (Except X1) es ee 0.2 ac -0.3 V 
Vis Clock Input Low Voltage (X1) ae Vv 


Vin Input High Voltage (Except X1, 0.2 Vcc +0.9 — +0.5 V 
RES, ARDY, and SRDY) 


Vint Input High Voltage (RES) 


lo. = 2.0 mA (others) 





Output High Voltage 







Power Supply Current 
20 MHz, 0°C 
16 MHz, 0°C 
12.5 MHz, 0°C 
10 MHz, 0°C 
DC, 0°C 


it tich vole FES! SSSC~*dtC Ye 


Vor Output Low Voltage lo. = 2.5 mA (S2-S0) 


lon = ~2.4 mA @ 2.4 V4) 


2.4 Vec 
lon = -200 HA @ 0.8 Veo"? 











<j<][<][< 


oll a 


< 


V 
100 mA 
80 mA 
65 mA 
50 mA 
100 HA 


is | Onputtseae Coron @ osm] easvevenzva™ | | no | WA 


Notes: 1. Pins being floated during HOLD or by invoking the ONCE mode. 
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Vin @ +5.0 V or 0.45 V. This parameter 


is not tested, 


3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 
4. RD/QSMD, UCS, LCS, and TEST pins have intemal pull-up devices. Loading some of these pins above lon = —200 pA can cause 
the 80C188 to go into altemative modes of operation (e.g., Queue Status, ONCE) upon request. 
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Power Supply Current 


Current is linearly proportional to clock frequency and is 
measured with the device in RESET with X1 and X2 
driven and all other non-power pins open. 


Maximum current is given by Icc=5 mA x freq. (MHz). 





INARY 


Typical current is given by Icc (typical) = 3.5 mA x freq. 
(MHz). “Typicals” are based ona limited number of sam- 
ples taken from early manufacturing lots measured at 
Vec=5 V and room temperature. “Typicals” are not 
guaranteed. 


Clock Frequency (MHz) 


Figure 44. Icc versus Frequency 


Parameter Number with Description 
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Symbol Parameter Symbol Parameter 

Name # Parameter Description Name # Parameter Description 
tarycu 49 ARDY Resolution Trans. Setup Time _ternox 30 Data Hold Time 
tarycHL 51 ARDY Inactive Holding Time tc.ov 7 Data Valid Delay 
taryict 52 ARDY Setup Time tetox 2 Data in Hold (A/D) 
tavey 14 Address Valid to Clock High teLHav 62 HLDA Valid Delay 
tavit 12 Address Valid to ALE Low teuv 23 COCK Valid/Invalid Delay 
tazAL 24 Address Float to RD Active teiRH 27 RD Inactive Delay 
tcntcH2 45 CLKOUT Rise Time tetAL 25 RD Active Delay 
tcrick 38 CLKIN High Time tctro 61 Reset Delay 
tcxet 44 CLKOUT High Time tetsH 4 Status Inactive Delay 
tcrcsx 18 Chip-Select Inactive Delay teisry 48 SRDY Transition Hold Time 
tcuctv 22 Control Active Delay 2 tet 55 Timer Output Delay 
tcHev 64 Com. Lines Valid Delay (after Float) teverv 20 Control Active Delay 1 
tcxez 63 Com. Lines Float Delay teverx 31 Control Inactive Delay 
tcxox 8 Status Hold Time tevoex 21 DEN Inactive Delay 
toni 9 ALE Active Delay texesx 17 Chip-Select Hold from Com. Inactive 
toni 11 ALE Inactive Delay tover 1 Data in Setup (A/D) 
tcusv 3 Status Active Delay toxo 19 DEN Inactive to DT/R Low 
tcHasv 56 Queue Status Delay tHver 58 HOLD Setup 
tcico 41 CLKIN to CLKOUT Skew tinven 53 INTx, NMI, TEST, TMR IN Setup Time 
tox 39 CLKIN Fall Time tinver 54 DRQ0O, DRQ1 Setup Time 
toxin 36 CLKIN Period tune 10 ALE Width 
temn 40 CLKIN Rise Time tax 13 Address Hold from ALE Inactive 
tevecut 46 CLKOUT Fall Time tresin 57 RES Setup 
tcLarx 50 ARDY Active Hold Time trav 29 RD Inactive to Address Active 
teLav 5 Address Valid Delay tRHLH 28 RD Inactive to ALE High 
tetax 6 Address Hold tRLRH 26 RD Pulse Width 
teraz 15 Address Float Delay tsrvet 47 SRDY Transition Setup Time 
teicn 43 CLKOUT Low Time twHpex 35 WR Inactive to DEN Inactive 
teiex 37 CLKIN Low Time twuox 34 Data Hold after WR 
tote. 42 CLKOUT Period twHtH 33 WR Inactive to ALE High 
teiesy 16 Chip-Select Active Delay twowH 32 WR Pulse Width 
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SWITCHING CHARACTERISTICS 


Major Cycle Timings (Read Cycle) 
Ta=0°C to +70°C, Vec=5 V +10% 













Parameter 80C188 gocise-12 | 80Ctee-16 | 80C1s8-20 


# [Sym |Description |, Min_ | Max | Min | Max | Min | Max | Min | Max | Unit 
80C188 General Timing Requirements (listed more than once) 


[tove._|DatainSetup(AD) {ts | | is | tts | to | 
[tex [DatainHold(wd) | 3 | ot 3 | Ut 3 | 


800188 General aiming Responses (listed more than once) 


3 [tom [Status ActveDeley | 5 | 4 | 5 | 8 | 5 | | 3 | 29 | ns 
4 [tas [Status inactive Delay [5 | 46 | 5 | 25 | 5 | a0 | 3 | 20 | ns 
5 |tew [Address Vaid Delay [5 | es | 5 | 3 | 5 | a | 3 | 25 | ns 
& Tt [AddressHold [| o | | o] | o | | o | [ns 
7 [too [Data Vaid Delay | 5 |< | 5 | 0 | 5 | 3 | 3 | 25 | ns 
8 
9 













[tenoe | StatusHoldTime | to | | to | df to TT to | ns 
a a a ns 


pat 5 terer—15 terer-15 teict-15 


4 a SE SS A ns 


12 Address Valid to ALE Low* pau floc“ 15 nee 1S = ns 
= 20 =11 = 15 

13 Address Hold from ALE tener-15 texer-15 tener-15 tener—-10 as 
Inactive* = 29 = 20 =11 =10 


14 EP ns 


15 |taxz | Address FloatDelay | toux=0| 30 | tour=O| 25 | tae 0] 20 | teux=0| 17 | ns 
16 [ess [GiprSiea atveoaey [a [we |e [we [3 [oo [3 [as ns 


rhelesemmae feel Fal Fel Fel [+ 
Gonna Inactive* =34 = 25 = 16 = 10 

18 | tovese| Chip-Select Inactive Delay | 5 | 35 | 5 | 30 | 5 | 25 | 3 | 20 | ns 

19 |toxn_|DENInactivetoDT/ALow | o | | o | | o {| | o | [ns 

20 20 [toon | CommbAcive Doty" fst 4 tate | sis {3 | a ns 

22 52 [iar Conicliatroneeye” [se [ a [os [a ts ta st ns 

23 |touv [COCK Valid/nvalidDelay { 3 | 40 | 3 [| 37_| 3 | 35 | 3 | 22 [ ns 


800188 Timing Responses (Read Cycle) 


eee 
Te ee ee 


eee : — Pe? a . gots 


Hteamn_| iadvebey | s | a[s]>a[stals_ 


RD Inactive to ALE High" aoe toro 14 tovcr-14 Re 
=21 =12 =6 
me 15 “15 ae ae 
RD Inactive to Addr Active* a teen tover tere: 
= 89 = 65 = 47 =45 


“Equal Loading All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
**DEN, INTA, WE All output test conditions are with C. = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vcc —0.5 V. 


°o 
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Read Cycle Waveforms 


| th | te | ts 





tw 


wie i Oe 
SET 


RFSH RFSH, ees 
A19/S6-A16/S3 RFSH, S6-S3 
Fe Jee ae come DOO Pea 


A15-A8 


: f| 
He Ofte | 
ppie nee Fre ans 


Lat 
ICS, MCS, UGS, 26) ) 
PCS (Note 2) 
ep EL 
_ ar et 
DEN 
4. (Note 3) 
DUR : 


a (22 G2) (Note 5) > : 


Note 4 
_ ies: 
[\ [N 





Notes: 1. Status inactive in state preceding t. 
2. If latched A1 and A2 are selected instead of PCS5 and PCS6. 
3. For write cycle followed by read cycle. 
4. t: of next bus cycle. : 
5. Changes in t-state preceding next bus cycle if followed by write. 
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SWITCHING CHARACTERISTICS (continued) 


Major Cycle Timings (Write Cycle) 
Ta=0°C to +70°C, Vec=5 V+10% 










Preliminary 









| Min | Max | Min | Max | Min | Max | Min | Max | 
tcusv | Status Active Delay | st | 
isH_| Status Inactive Delay 30 || 
uv | Address Valid Delay | 33 | 


Address Hold 

Data Valid Delay 
Status Hold Time 
ALE Active Delay 


LAX 
DV 
HDX 


Hi! 


tu | ALE Width 


il 
& 


ALE Inactive Delay 


ton 


tercx-18 


tan. | Address Valid to ALE Low* Z 


Nh 
oO 


Address Hold from ALE tener—15 
Inactive* 


Addr Valid to Clock High 
Chip-Select Active Delay 


Chip-Select Hold from 
Command Inactive* 


Chip-Select Inactive Delay 
toxo. | DEN Inactive to DT/R Low 
teverv | Control Active Delay 1** 
teuv | LOCK Valid/Invalid Delay 


tavcn 


it { 
nN 
© 


LCSV 


HCSXK 


g & 


" 
oO 





800188 Timing Responses (Write Cycle) 


[esox|DataHodTine <4 3 [| 8 |] s | | 3 | 
31 | tee Control inactive Delay” [3 | |__| 


| 37 | 3 | 31 | 3 | 22 | 
—— ; 2terer-30 2tere.—25 2terci—2 2tcrc.—20 
— : ~., | tetcr-14 terer—14 terci-14 tercc-14 
— terer-34 tercr-20 tetcx-20 tercH—-17 
pee Meee 10 -10 -10 -10 
WR Inactive to DEN Inactive ial eee se “= 
= 34 = 25 = 16 = 10 


*Equal Loading 
**DEN, INTA, WE 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and C; = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vcc — 0.5 V. 
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Write Cycle Waveforms 


a he, 
32-50 S © 


A19/S6-A16/S3 





AD7-ADO 


LCS, MCS, UCS, 
PCS (Note 2) 


DT/R 





Notes: 1. Status inactive in state preceding ts. 
2. If latched A1 and A2 are selected instead of PCS5 and PCS6,. 
3. For write cycle followed by read cycle. 
4. tr of next bus cycle. 
5, Changes in t-state preceding next bus cycle if followed by read, INTA, or halt. 
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SWITCHING CHARACTERISTICS (continued) 
Major Cycle Timings (Interrupt Acknowledge Cycle) 


Ta =0°C to +70°C, Vec=5 V +10% 

a i 
Parameter | “mores [octane | mocteete | mootee- 20 
[sym | Description sin. | Max | Min | Max | Min | Max | Min | Max | Unit 


800188 Gencra! Timing Requirements (listed more than once) 


[tove_|DatainSotup(d) fs | Tis | | ts | | to 
2 [tux [DatainHold(D) | 3 | ot 3 | Ut 8 | CCU 8 


800188 General Timing Responses (listed more than once) 


[ton | Status ActiveDelay | 5 | 45 | 5 | 35 | 5 | 31 | 3 | 24 | 


tetsh | Status Inactive Delay 3 2 
tcav | Address Valid Delay 3. 2 


| 3 | a 
peg abo 25 
Address Hold Oe 
| 3 | 2s 
| 10 
ALE Active Delay 0 
Fal 
7 


















# 


















LAX 


LOV 


5 
Oo 
[e) 


2 


a 
e 
& 


tui. | ALE Width 


| 35 | 
| 36 | 
ee! 
| 36 | 
eee | 
eel 
ES ha 
tiwu. | Address Valid to ALE Low | “S pene a ei 
eee 
| 25 | 
eae 
ke 
| 37 | 
ae 


Nl 
& 
e 
oO 
nm 


tex. | ALE Inactive Delay 


Data Valid Delay 
terce-5 


ee ee 
| 5 | 33 | 
ee a 
| 5 | 33 | 
Status Hold Time | 1o | | 
| | 20 
terer-15 tercc-15 
= 47 = 35 

| 20 | 
fea = 
| (te 
aos 


& 

ie} 
yi 

fee) 





ul 
is) 
© 


Address Hold from ALE tona—-15 tenar—-15 tenor-15 
Inactive* = 20 


11 

11 
Addr Valid to Clock High § 

5 


Ee 


x 
k 

i 
o 

e 

o 
& 
" 
°o 


0 
3 
33 
0 
taven 
1 









Address Float Delay 2 1 
DEN InactivetoDT/RLow’| o | | oo poo | ht 
Control Active Delay 1** a7 | 3 | 31 | 3 | 
DEN Inactive Dela 
wrmmeowos | | # | s | | s | | a 
[tener | ControlActive Delay2"* | 5 | 44 | 5 | a7 | 5 | 31 | 3 
teuv | COCK Valid/invalid Delay | 3 | 40 | 3 | 37 [| 3 [| 35 | 3 [| 22 
AR Ee 





*Equal Loading 
**DEN, INTA, WE 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vee — 0.5 V. 
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Interrupt Acknowledge Cycle Waveforms — 


th te | tr | te 


tw 


_ ot” 1) 
eH beet 
LS 


Gg 
O41 pl 36S 


A19/S6—-A16/S3 A19~A16 


cece a 6 ae ee SV 
04) 
“oti 
SEPT Oph des 
AD7-ADO 
Boia, 
INTA 
Vee ot 
DEN 
(Note 4) 
DTA ( 
@k— @2) (Note 6) [*—> 
COCK 
(Note 5) +>1G9) “> @3) 


Notes: 1.Status inactive in state preceding ts. 
2.The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to tetnx (min). 
3.INTA occurs one clock later in Slave Mode. 
4.For write cycle followed by interrupt acknowledge cycle. 
5.LOCK is active upon t: of the first interrupt acknowledge cycle and inactive upon te of the second interrupt acknowledge cycle. 
6.Changes in t-state preceding next bus cycle if followed by write. 
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SWITCHING CHARACTERISTICS (continued) 
Software Halt Cycle Timings 
Ta =0°C to +70°C, Vec=5 V+10% 












Preliminary 
Parameter 

| Min | Max | Min | Max | Min | Max | Min | Max | Unit 

80C188 General Timing Responses (listed more than once) 

3 a ee 

4 fs | «| 5 | 3 | 5 | | 3 | 2 | 

RA EL | 


— — — — —z — rar — 
ALE Inactive Delay 


ie [astnene poten] —[-3 ee 
Zeenat wea eee cee 


*Equal Loading 
“DEN, INTA, WE 
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and Cx = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Voc — 0.5 V. 









# 



















11 

















Software Halt Cycle Waveforms 
| tr | te | ti ti 


a a8 
sso © 
A19/S6-A16/S3, Pam 


A15-A8, AD7—ADO Invalid Address 
| 
ALE 
© ® 
BEN 
(Note 1) 
DT/R 


@ 


Note: 1. For write cycle followed by halt cycle. 
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SWITCHING CHARACTERISTICS (continued) 


Clock Timings 
Ta=0°C to +70°C, Vec=5 V +10% 












Parameter 
# [Sym [Description | Win | Max | Min | Max] Min | Max | Min | Max | Unit 


800188 CLKIN Requirements 
Measurements taken with the following conditions: External clock input to X1 and X2 not connected (float). 


[tom |CLKINPeriod =| 50 | SC sis| S40 | S| St || 
37 |tace [CLKINLowTime15V® | 20 | | 16 | | 13 | | 7 | | 
[touce | CLKINHighTime.5V® | 20 | | 16 | | 13 | =| 8 | | 
[toon |CLKINFallTimess-10ov] = {| 5 | | 5] | 5 | | 5 | 
40 [ton [CLKINRiseTime10o-35V) | 5 | | 5 | | 5 | | 5 | 
800188 CLKOUT Timing 

41 | taco [CLKINtoCLKOUTSkew | | 25 | =| 21 | | iz7_ | |_| 
42 |taa |CLKOUTPeriod ssf 100 | =~ | 80 | =~ | ez | | 50 


CLKOUT Low Time Pa =| 
0.5 teter 0.5 teter 0.5 teter 0.5 tetet 
= 2 
C. 100 pF -8=42 -7=33 —-7=24 -7=18 
0.5 teter 0.5 terer 0.5 terer 0.5 tetct 
= @) 
CLKOUT High Time 
0.5 tever 0.5 tetct 0.5 tote 0.5 tetet 
-8=42 -7=33 -7=24 -7=18 


C.= 100 pF“ 
0.5 teter 0.5 teter 0.5 teter 0.5 tere | 
(3) 
Ge 50 pF -6=44 -§=35 -—-5=26 -5=20 


ie CLKOUT Rise Time 
‘#21 1.0-3.5V 
te CLKOUT Fall Time 10 
cl! 3.5~-1.0 V 


All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with Cr = 50-200 pF (10 MHz) and Ci = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vii = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Vec — 0.5 V. 























44 | tener 















Notes: 1. teuck and tercx (CLKIN Low and High times) should not have a duration less than 40% of tcxn. 
2. Tested under worst case conditions: Vcc = 5.5 V (5.25 V @ 20 MHz), Ta = 70°C. 
3. Not tested. 
4. Tested under worst case conditions: Vcc = 4.5 V (4.75 V @ 20 MHz), Ta = 0°C. 





Clock Waveforms 


=o 


x1 





CLKOUT 
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SWITCHING CHARACTERISTICS (continued) 
Ready, Peripheral, and Queue Status Timings 
Ta=0°C to +70°C, Vec=5 V 410% 












Preliminary 
Parameter 
# [Sym] Description Min’ | Max | Min | Max | Min | Max | Min | Max | Unit 





80C188 Ready and Peripheral Timing Requirements 


[tener | SRDY Transition Setup Time? | 15 | | 15 | | ts | ts | 
[town | SRDYTransitionHold Time” {15 | | 15 | | ts | | to | 
[tumen | ARDY Res. Transition Setup Time | 15 | | 15 | | 15 | | to | 
[tour | ARDY Active HoldTime | 15 | | 15 | | ts | | to | 
[tunou} ARDY Inactive HoldingTime | 15 | | 15 | | 5 | | to | 
[tumor] ARDY Setup Time? Sf 25 | | a5 | fs | | ao | 


Peripheral Setup: INTx, NMI, 
TMR IN, TEST/BUSY 


[twee _| DRQO,DRQiSetupTime? Ss] 5 | of is | ts | ts 











56 87 Nee 60 | 28 


All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and C, = 50—100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Veo — 0.5 V. 


Notes: 1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 





Synchronous Ready (SRDY) Waveforms 


tw orts ort orty| tw or ts or te | tw Or fy | ty 





CLKOUT 


@ 


SRDY 
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Asynchronous Ready (ARDY) Waveforms 


| tw ortsorteerts| tw or ts or te | tw or ts | te 


CLKOUT 


ARDY 
(Normally Not 
Ready System) 


ARDY 
(Normally Ready 


System) 62) 


Peripheral and Queue Status Waveforms 


CLKOUT - = a 
INT3-INTO, NMI, 
— LL 


DRQO, DRQ1 
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SWITCHING CHARACTERISTICS (continued) 
RESET and HOLD/HLDA Timings 
Ta =0°C to +70°C, Vec=5 V 410% 













Parameter 
# [Sym | Description | Min | Max | Min | Max | Min | Max | Min | Max | unit 


800188 RESET and HOLD/HLDA Timing Requirements 


57 |teesm | RESSeup tt Tt ts | ts | to | 
58 [tw [HOLD Soup” ———-it sf |i |s | [wl] 
80C188 General Timing Responses (listed more than once) 

| 5 | 44 {os | 36 | 5 | 33 { 5 | 30 | 
Jtauz_| Address FloatDelay —teux=0| 30 |teux=0] 25 tare=o] 20 |tarxe=o] 17_| 


80C188 RESET and HOLD/HLDA Timing Responses 
tuno | ResetDelay | | TT TT or | 
eee} HPA A 
ee ee ee eee 

Command Lines Valid 
Plat iat fer ai 


All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C. = 50-200 pF (10 MHz) and Cx = 50-100 pF (12.5-20 MHz). 
For AC tests, input Vi. = 0.45 V and Vin = 2.4 V, except at X1 where Vin = Voc — 0.5 V. 
























62 





Notes: 1. To guarantee recognition at next clock. 





RESET Waveforms 
x1 
@ @ 
RES 
CLKOUT 
G)> 
RESET 
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HOLD/HLDA Waveforms (Entering HOLD) 


HOLD 
HLDA ” 
A15-A8, C 
AD7-ADO, DEN eociss , 
A19/S6-A16/S3, RD, WA, x 
RFSH, DT/R, S2-So, LOCK eocise , 


HOLD/HLDA Waveforms (Leaving HOLD) 


CLKOUT 


HLDA 


A15-A8, 
AD7-ADO, DEN 





A19/S6-A16/S3, RD, WR, 
RFSH, DT/R, 53-80, LOCK ‘ ebeiee 
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EXPLANATION OF THE SWITCHING SYMBOLS 


Each timing symbol has from 5 to 7 characters. The first character is always a “t” (stands for time). The other charac- 
ters, depending on their positions, stand for the name ofa signal or the logical status of that signal. The following is alist 


of all the characters and what they stand for. 


A: Address 

ARY: Asynchronous Ready Input 
C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (DT/R, DEN, . . . ) 
D: Data Input 

DE: DEN 

H: Logic Level High 

IN: Input (DRQO, TIMO,...) 
L: Logic Level Low or ALE 
O Output 


Qs: Queue Status (QS1, QS2) 

R: RD Signal, RESET Signal 

S: Status (S2, $1, SO) 

SRY: Synchronous Ready Input 

V: Valid 

W: WR Signal 

x: No Longer a Valid Logic Level 
Zz: Float 

Examples: 


tc.av—Time from Clock Low to Address Valid 
tcHt4—Time from Clock High to ALE High 


tcicsv—Time from Clock Low to Chip Select Valid 





800188 EXECUTION TIMINGS 


A determination of 80C188 program execution timing 
must consider bus cycles necessary to prefetch instruc- 
tions, as well as the number of execution unit cycles 
necessary to execute instructions. The following in- 
struction timings represent the minimum execution time 
in clock cycles for each instruction. The timings given 
are based on the following assumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, has 
been prefetched and resides in the queue at the 
time it is needed. 


e No wait states or bus HOLDs occur. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory access can re- 
quire one or two additional clocks above the minimum 
timings shown due to the asynchronous handshake 
between the bus interface unit (B!U) and execution unit. 


The 80C188 8-bit BIU is noticeably limited in its per- 
formance relative to the execution unit. A sufficient 
number of prefetched bytes may not reside in the 
prefetch queue much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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* = High-to-Low 
o=Low-to-High 






t (ns) 


50 75 100 125 150 175 
Capacitive Load (pF) 13087D-046 


Figure 45. Capacitance Derating Curve for Typical Output Delay 


X=2Vto0.8V 
©=0.8Vto2V 


ea 
Ba a 


| gy | 





§0 75 100 125 150 175 
Capacitive Load (pF) 
13087D-047 


Figure 46. TTL Voltage Level Rise and Fall Times for Output Buffers 


%=3.5 Vto0.4V 
0=0.4Vt0o3.5V 





ioe 

i em Kae ea eB 

50 75 100 125 150 175 
Capacitive Load (pF) 


13087D-048 
Figure 47. CMOS Voltage Level Rise and Fall Times for Output Buffers 
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INSTRUCTION SET SUMMARY 






































AMD P| 





Clock 
cles Comment 





Function Format 
paramasrer 
Register to register/memory 
Reglster/memory to register 
Immediate to register/memory 8/16-bit 
Immediate to register 8/16-bit 
Memory to accumulator 
Accumulator to memory | 1010001 | 
Reglster/memory to segment register 
Segment register to register/memory 
PUSH = Push: 
Memory 
Register 
Segment register 
PUSHA =Push All** 01100000 
POP = Pop: 
Momory | 19001111 | modooorm | 
Register 
Segment register (reg #01) 
POPA=Pop All** 
XCHG x Exchange: 
Reglster/memory with register 
Register with accumulator 
IN = Input from: 
Fixod pot |iitootow | pot | 
Varlable port | 1110110 | 
OUT = Output to: 
Fixed port 
Variable port 
XLAT =Transiate byte to AL 
LEA=Load EA to register mod reg r/m 
LDS = Load pointer to DS mod reg r/m (mode 11) 
LES = Load polnter to ES (mod # 11) 
LAHF = Load AH with flags 
SAHF = Store AH Into flags 
PUSHF = Push flags 
POPF =Pop flags | 10011101 | 
*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
**Indicates instructions not available in 8086 or 8088 microsystems. 
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INSTRUCTION SET SUMMARY (continued) 


Function 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 
cs 


ss 
Ds 
ES 


ARITHMETIC: 
ADD = Add: 


Reg/memoyy with register to ether 
Immediate to register/memory 


Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to either 


Immediate to register/memory 


Immediate to accumulator 


INC =increment: 
Register/memory 


Register 


SUB =Subtract: 
Reg/memory and register to either 


Immediate from register/memory 
Immediate from accumulator 

SBB = Subtract with borrow: 
Reg/memory and register to either 
Immediate from register/memory 


Immediate from accumulator 


DEC=Decromemn: 
Register/memory 


Register 


CMP = Compare: 
Register/memory with register 


Register with register/memory 
immediate with register/memory 
Immediate with accumulator 


NEG = Change sign register/memory 


AAA=ASCII adjust for add 
DAA = Decimal adjust for add 
AAS =ASCIl adjust for subtract 
DAS = Decimal adjust for subtract 


MUL = Multiply (unsigned) 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Format 


00101110 
00110110 


00100110 





mod 
100000sw mod 000 r/m 


100000sw mod 0 1 0 r/m 


1111111tw mod000r/m 
01000reg 


100000sw mod 0 1 1 ¢/m data fs w=01 


Peres rw | meso vom 
01001reg 


















data fs w=01 






data ¥s w=01 


















data If w=1 




























foorstotw | modregrim 
0011100w 
100000sw mod1114r/m 

Pasttortw | modot tim 


00100111 












8/16 -bit 


8/16-bit 


8/16-bit 


8/16-bit 


8/16-Dit 


*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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eel Comment 





Function Format 

ARITHMETIC (Continued) 

IMUL = Integer multiply (signed) lsittottw | mod 10 1 r/m 
Register-Byte 

Register ord 

mory-Byte 
Memory Word 
IMUL = Integer Immediate mukiply”” 011010s1 | modregrm | data data if s=0 
(signed) 

DIV = Divide (unsigned): ls144011w | mod110 r/m 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

IDIV = Integer divide (signed) Suittottw mod 11 11/m 
Register-Byte 

Register: ord 

Memory-Byte 

Memory-Word 









11010100 00001010 


10011000 


AAM =ASCIl adjust for multiply 
AAD = ASCII adjust for divide 






CBW =Comert byte to word 
























CWD=Cormvent wordto double word | 10011001 
LoGic 
Shift/Rotate Instructions: 
Reglster/Memory by 1 1101000w 2/15 
ReglstorMemory by CL tio1001w | mogTrtim_| S+ni7n 
Register /Memory by Count** 1100000w | mod tT rim | count —_—| 5+n/17+n 
TIT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHUSAL 
101 SHR 
111 SAR 
AND = And: 
Reg/memory and register to either mod reg r/m 





immediate to register/memory 


























Immediate to accumulator 0010010w | data } daialtw=1 | B/16-bit 
TEST = And function to flags, 
no result: 
Register/memory and register 1000010w mod reg r/m 
Immedate daa androgstermaney [11110 11w |wesooorm | aia | caatwai_| 
Immediate data and accumulator 1010100w | data | datattw=t | 8/16-bit 
ORO: 
Reg/memory and register to elther 000010dw mod reg r/m 
Immediate to register‘memory 1000000w | mod0011/m | data | datatw=1 | 
Immediate to accumulator 0000110w | data | datatw=1 | 8/16-bit 
XOR = Exclusive or; 
Reg/memory and register to either 001100dw 
Immediate to register/memory 1000000w | mod110r/m | data =| datatw=t | 
Immediate to accumulator 0011010W | data | datatwe=1 | 8/16-bit 





1111011w mod0 10r/m 


*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
**Indicates instructions not available in 8086 or 8088 microsystems. 


NOT =Invert register/memory: 
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INSTRUCTION SET SUMMARY (continued) 


Function Format 


1010010w 


STRING MANIPULATION: 
MOVS =Move byte/word 









CMPS =Compare byte/word 

SCAS = Scan byteAvord 

LODS =Load byte/wd to AL/AX 
STOS =Store byte/wd from AL/A 
INS = Inout byte/wd from DX port" 
OUTS = Output byte/wd to DX port** 
Repeated by count in CX (REP/REPE/REPZ/PEPNE/PEPNZ) 


MOVS =Move string 





CMPS =Compare string 






SCAS = Scan string 





LODS = Load string 
STOS =Store string 
INS = Input string*” 
OUTS = Output string" 


CONTROL TRANSFER 
CALL =Call: 
Direct within segment disp-high 













11101000 
Peover [esosomm 


10011010 segment offset 
segment selector 
pataatitt | mod 01 41/m (mod + 11) 


Tiveren | aor 
Priere0r | apm [arn 


Register memory Indirect 
within segment 


Direct Intersegment 





Indirect Intersegment 








JMP = Unconditional Jump: 
Shortfong 


Direct within segment 
Register/mem Indirect within segment 








Direct Iintersegment 





Prva | wear 


11000011 
Ce aoe 


(mod + 11) 






Indirect intersegment 





RET = Return from CALL: 
Within segment 





Within seg adding immed to SP 






Intersegment 
Intersegment adding Immediate to SP 





“Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 


**Indicates instructions not available in 8086 or 8088 microsystems. 





140 800188 


AMD al 


PRELIMINARY 





INSTRUCTION SET SUMMARY (continued) 


Function 


CONTROL TRANSFER (Continued): 


JE/JZ = Jump on equal zero 


JL/JNGE = Jump on less/ 
not greater or equal 


JLE/JNG = Jump on less/ 
or equal not greater 


JB/JNAE = Jump on below/ 
not above or equal 


JBE/JNA = Jump on below or 
equal/not above 


JP/JPE = Jump on parity/ 
parity even 


JO =Jump on overflow 

JS =Jump on sign 

JNE/JNZ = Jump on not equal 
not Zero 

JNL/JGE = Jump on not less 
greater or equal 


JNLE/JG = Jump on not less/ 
or equal/greater 


JNB/JAE = Jump on not below 
above or equal 


JNBE/JA=Jump on not below 
or equal/above 


JNP/JPO = Jump on not 
par/par odd 


JNO =Jump on not overflow 
JNS =Jump on not sign 
JCXZ= Jump on CX zero 
LOOP =Loop CX Times 


LOOPZ/LOOPE =Loop while 
zero/equal 


LOOPNZ/LOOPNE = Loop while 
not zero/equal 


ENTEA = Enter Procedure” 

L=0 

L=1 

L>1 

LEAVE = Leave Procedure*” 
INT = Interrupt: 

Type specified 

Type 3 

INTO = Interrupt on overtiow 


IRET = Interrupt retum 


BOUND = Detect value out of range*” 








Clock 
Cycles 


Format Comment 


JMP not 
takervJMP 


taken 


01110100 


disp 


01110010 disp 


disp 


01110000 
01111000 


Isp 


01110001 


11100011 
11100010 


11100001 


LOOP not 


taken/LOOP 


11100000 taken 


11001000 data-low 


aaah 


11001001 


11001100 if INT. takerv 


if INT. not taken 


01100010 mod reg r/m 





*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
‘Indicates instructions not available in 8086 or 8088 microsystems. 
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INSTRUCTION SET SUMMARY (continued) 













Function Format 





PROCESSOR CONTROL 
CLC =Clkear carry 


CMC =Complemert cany 





STC =Set cary 
CLD = Clear direction 
STD = Set direction 
CLI = Clear Interrupt 
STI = Set interrupt 
HLT=Hak 
WAIT=Wait 
LOCK=Bus bck prefix 
NOP = No Operation 


11110000 
10010000 





Footnotes 

The Effective Address (EA) of the memory operand is com- 

puted according to the mod and r/m fields: 

if mod= 11 then r/m is treated as a REG field 

if mod = 00 then DISP=0", disp-low and disp-high are absent 

if mod=01 then DISP=disp-low sign-extended to 16-bits, 
disp-high is absent 

if mod= 10 then DISP =disp-high: disp-low 

if r’-m=000 then EA=(BX) + (SI!) + DISP 

if r/m=001 then EA= (BX) + (Dl) + DISP 

if r/m=010 then EA=(BP) + (SI) + DISP 

if r/m=011 then EA=(BP) + (Dl) + DISP 

if r/m=100 then EA=(SI)+DISP 

if r*m=101 then EA=(Dl) +DISP 

if r/m=110 then EA=(BP) + DISP* 

if r/m=111 then EA=(BX)+DISP 

DISP follows 2nd byte of instruction (before data if required) 

*except if mod=00 and r/m=110 then EA=disp-high: 

disp-low. 
EA calculation time is 4 clock cycles for all modes, and is 
included in the execution times given whenever appropriate. 


Segment Override Prefix 


reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 cs 
10 SS 
11 DS 


PRELIMINARY 


Comment 





if TEST=0 


REG is assigned according to the following table: 


16-Bit (w=1) 8-Bit (w=0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the DI register) are computed using the ES 
segment, which may not be overridden. 
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PRELIMINARY amo We 
PHYSICAL DIMENSIONS 


For reference only. Dimensions measured ininches unless otherwise noted. BSC is an ANSI standard for Basic Space 
Centering. Preliminary; package in development. 


PL 068 





06753K 
AN 7 
Note: Pin 1 is marked in ink for orientation purposes. 12/5/89 CD 
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Pn PRELIMINARY 
PHYSICAL DIMENSIONS (continued) 


PQJ 80 
(measured in millimeters) 


17.10 
13.90 17.30 
12.90 14.10 








— 


o 
5. 
a 


ii 
0.80 —o 
REF oo 
Cam 
Li 
oom oa Pin 1 |.D—> @ 


TOP VIEW 





SIDE VIEW 
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PRELIMINARY amo fd 
PHYSICAL DIMENSIONS (continued) 





PQR 80 
(measured in millmeters) 


35.87 
36.13 35.70 
31.37 BSC 
31.63 27.87 
25.20 28.13 
BSG 22.20 
13.80 BSC 
14.10 








ol fig 











35.7 | 27.87} 22.20 
BSC | 28.13] BSC 


| 


| 


i 


| 


| 


35.87 | 31.37 | 25.29| 19.80 
36.13] 31.63| BSC | 20.10 


! 


i 


Os i 








.45 TYP. 
core 2.00] 4.80 
1.80 
65 4 O00 SIDE VIEW 
F 4 14833D 
Oe BU 45 
9/6/91 SG 


AMD is a registered trademark of Advanced Micro Devices, Incorporated. 
TapePak is a registered trademark of National Semiconductor Corporation. 
Product names used in this publication are for identification purposes only and may be trademarks of their respective companies. 
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Microprocessor Support 
from Fusion Partners 
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EZ-PRO 2.1 
Mope. 572-80C186 


AMERICAN ARIUM 


The EZ-PRO 2.1 has a 115K baud interface toa 
PC. Four card slots are available to receive an 
emulator control card and various optional 
subassemblies. A PROM programmer is avail- 
able, as well as a deep trace, performance 
analyzer, and “C” level debugging. 


STANDARD FEATURES 
@ 16 MHz operation 


© 4K deep trace buffer 

 C level debugging 

¢ Interrupts serviced at all times 
¢ 256K-byte overlay memory 


Hosts SUPPORTED 
#PC 


SUPPORT 
¢ Rental program 


@ Application support hotline 
@ 24-hour service program 





AVAILABILITY 
@ Immediate 





CONTACTS 


American Arium 
14281 Chambers Road 
Tustin, CA 92680 
(714) 731-1661 
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ES 1800 


EMULATOR AND Source LeveL DEBUGGER 


APPLIED MICROSYSTEMS CORPORATIO 


AMC offers a real-time, transparent debugging 
system for 80C186/80C188 microprocessors. 
The ES 1800 modular emulator provides real time 
transparent emulation up to 16-MHz clock 
frequency without inserting wait states or pre- 
empting interrupts in breakpoints. Validate/Soft- 
Scope, Gene-Probe Il, or XDB (Intermetrics) 
provide host-resident source/assembly level 
symbolic debugging. 


STANDARD FEATURES 

Real time transparent execution to 16 MHz 

@ 128K, 256K, 512K, 1 MB, 2 MB overlay 
(Emulation) memory mappable in 2K 
increments 

@ 2048 deep, 71 bit wide trace memory, 
includes 16 lines of logic state input 

@ When...Then event qualification, 4 nested 
groups, 43 statements 

@ Supports 80C186/80C188 DRAM refresh 
(without DMA channel) Power Save and Test 
modes 

© Two RS232C serial ports plus optional SCSI 
port for transfer up to 1.5 mb/s 

 Upload/download in OMF86, Intel/Hex, 
Tek Hex, or Ext Tek Hex 


Optional Timestamp Module provides time 


CONTACTS 

UNITED STATES EUROPE 

Applied Microsystems Applied Microsystems 
Corp Corp., Ltd. 

5020 148th Ave., NE AMC House, South St. 
P, O. Box 97002 Wendover, Aylesbury 


Redmond, WA 98073-9702 
Tel: (206) 882-2000 
Fax: (206) 883-3049 


Bucks, HP22 6EF, 
England 

Tel: 44-296-625462 
Fax: 44-296-623460 





measurement for performance analysis 


¢ Optional Logic State Analyzer (LSA) provides 
16 channels of logic monitoring 


@ Real time trigger output 


Hosts SUPPORTED 
@ PC, Sun, VAX, and Apollo 


Either stand-alone or with host-resident 
debugger 


SUPPORT 
® Toll free number 1-800-426-3925 


© 1 year hardware, 90-day software warranty 
Renewable software and hardware support 
@ Worldwide service and support agreements 


AVAILABILITY 
Immediate 


JAPAN 
Applied Microsystems Applied Microsystems 
GmbH Japan, Ltd. 
Dammstrasse 6 Nihon Seimei 


Nishi-Gotanda Bldg. 
7-24-5 Nishi-Gotanda 
Shinagawa-Ku 
Tokyo T141, Japan 
Tel: 81-3-3493-0770 
Fax: 81-3-3493-7270 


W-6453 Seligentstadt, 
Germany 

Tel: 49-6182-9203-0 
Fax: 49-6182-9203-15 
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HP65764/65 
EMULATOR FOR 80C186/80C188 


HEWLETT PACKARD 


The HP64764/65 emulator is compatible with @ Optional software performance analyzer for 
language tools supporting industry standard file execution profiling, identifying bottlenecks, 
formats for 80C186/80C188 development. File and performance tuning. 

Formats supported include OMF86, HP64000, 

Intel HEX, and Tek HEX. Supports both NMOS Hosts SUPPORTED 

and CMOS versions of the 80186/80188. @ HP 9000 series 400 


STANDARD FEATURES * 
@ Maximum clock speed 12.5 MHz, zero wait 20 
states SUPPORT 
@ 128K or 512K bytes of zero wait-state @ 90-day warranty (International may vary) 


emulation memory 

@ HP high-performance probing technology 
insures maximum transparency and easy AVAILABILITY 
plug-in 4 weeks 

@ 800186/80C188 ONCE mode can be used 
to operate the emulator in parallel with an in- 
circuit 800186/80C188 microprocessor 


@ Real-Time instruction dequeueing of the 
trace list 


@ Optional 16 channel external timing/state 
analyzer 


@ 48 channel x 1024 state emulation bus 
analyzer 


@ Full symbolic debug support 


@ Worldwide Technical Support 


CONTACTS 


Hewlett Packard Company 
Colorado Springs Division 

8245 North Union Blvd. 

P. O. Box 617 

Colorado Springs, CO 80901-0617 
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MICE-III-80C186/80C188 


In-CirncuiT EMULATOR 


MICROTEK INTERNATIONAL, INC. 


Microtek’s MICE-III-80C186 In-Circuit Emulator 
offers a flexible, easy-to-use, and economical 
development solution without sacrificing 
powerful debugging features. When combined 
with a host, cross compiler and high-level 
language debugger, the MICE-III solution offers 
a complete hardware/software debug environ- 
ment for embedded applications. 


STANDARD FEATURES 
@ Up to 16-MHz no-wait-state operation from 
target memory 


@ Auto-detection of target clock 


 Multi-processor Start/Stop synchronization 
control 


Full coprocessor support — register display/ 
modify, instruction assembly/disassembly, 
step emulation 


@ Keyboard enable/disable of NMI, 
HOLD<RESET, PEREQ, DRQ1-DRQ0, and 
INT3-INTO control signals 


8K frame trace buffer 

© Two unique trace filters, programmable 
on-the-fly 

Four logic analyzer-like bus triggers, 
supporting explicit ranges or wildcards bits 


CONTACTS 


Microtek International 
Development Systems Division 
3300 NW 211th Terrace 
Hillsboro, OR 07124-7136 
Tel: (503) 645-7333 

Fax: (503) 629-8460 

For sales information 

Tel: 1-800-886-7333 X 1 





@ Eight external trigger inputs 

@ 64K event counters 

@ Trace On/Trace Off 

@ If ... Then/Else control statements 


@ Performance Analysis with 16 arbitrary 
ranges definable for tracking 

Code Coverage, supporting read-before- 
write detection 


Hosts SUPPORTED 
@ PC/AT/PS2, Sun, and VAX 


SUPPORT 
@ Phone hotline 
@ Field applications support 


AVAILABILITY 
@ November 1991 
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80186/80188 UEM 


In-Cirncurr EMULATOR 


SOFTAID, INC. 


The UEM In-Circuit Emulator includes all the @ C source tracing 


features needed to debug complex real-time 4 source level debuaaer included—supports 
embedded systems. One unit supports CMOS all compilers 7 ee 


and NMOS versions of both the 80186 and Perf included 
80188. The source level debugger (included) ®  eMormance analyzer include 
supports all C and PL/M compilers, and all @ Built-in logic analyzer 


assemblers. 
Hosts SUPPORTED 

STANDARD FEATURES ¢ IBM PC 
@ 16-MHZz operation, zero wait states 
@ 131072 hardware breakpoints SUPPORT 

; ; @ Toll free hotline 
@ 5 level deep conditional nested breakpoints 
@ 256K to 1 MB overlay ROM AVAILABILITY 
@ 4K deep real time trace @ Stock 


CoNTACTS 


Softald, Inc. 

8300 Guilford Drive 
Columbia, MD 21046 
(301) 290-7760 

(800) 433-8812 
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80C186-20 


In-Cirncuir EMULATOR 


SOPHIA SYSTEMS AND TECHNOLOGY 


Real-time, non-intrusive in-circuit emulation 
system for the AMD 80C186-20 MHz family of 
microprocessors; MicroSCOPE, Sophia’s high- 
level language debugger, provides full source- 
level debug support as well as emulation 
control. MicroSCOPE provides source viewing 
and stepping, register viewing and 
modification, complex breakpoint setting, and 
hardware triggering/tracing based on data/ 
address bus contents or CPU status. 


STANDARD FEATURES 


Real-time execution with zero wait states to 
20 MHz 


Transparent, non-intrusive operation 

@ Windowed high-level language debugging 
environment 

128 KB high-speed static RAM on probe; 
optional memory to 8 MB 

@ 2048 x 112-bit-wide real-time trace buffer 

¢ Trigger conditions include symbolic/absolute 
address, access violation, external input, 
and processor status 


High-speed parallel interface for fast 
download of user code 





SUPPORT 

@ Bulletin Board System 

@ Technical support 

@ Six-month hardware warranty 


AVAILABILITY 
@ Immediate 





CONTACTS 
WESTERN EUROPE ASIA 
HEMISPHERE Alpha House Shinjuku NS Bldg. 8F 
777 Califomia Avenue London Road, Bracknell 2-4-1 Nishishinjuku 
Palo Alto, CA 94304 Berkshire RG12 2TJ Shinjuku-ku, Tokyo 163 
Tel: (415) 493-6700 England Japan 

Tel: 0344-862404 Tel: 03-3348-7000 
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NML4400 


Loaic ANALYZER 


AMERICAN ARIUM 


The ML4400 logic analyzer provided software SSYPPORT 
disassembly for many microprocessors, 

including the 80C186/80C188. Multiple pro. * Mental Program . 
cessors can be monitored simultaneously. ® Applications Support hotline 
Cross-triggering between micros, as well as @ 24-hour service program 


timing analysis at 400 MHz. Download code with A 
ROM emulator option. VAILABILITY 


Immediate 
STANDARD FEATURES: 
16 channels at 400 MHz, transitional storage 
@ 160 channels at 50 MHz synchronous 
@ Up to 4 80C186/80C188 supported at once 
@ ROM emulator 
@ 20-MHz 80C186/80C188 support 
@ 14 levels of trigger 


CONTACTS 


American Arium 

14281 Chambers Road 
Tustin, California 92680 
(714) 731-1661 
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HyPERSOURCE-186 


SourRce-LEVEL INTERFACE 


MICROTEK INTERNATIONAL, INC. 


HyperSOURCE is a multi-windowed “C” source 
level interface, fully integrated with the complete 
line of MICE X86 emulators. 


HyperSOURCE supports Microsoft C and other 
industry-standard software tool chains that 
produce OMF86 (Intel Object Module Format), 
OMF286, or OMF386 files. 


HyperSOURCE allows users to debug 
embedded applications in real time, providing 
both assembly and source level debugging 
capability through MICE in-circuit emulators. 
Employing pop-up windows and pull-down 
menus, HyperSOURCE accepts commands via 
keyboard or mouse. 


All symbolic information is available to the user, 
including symbol names of local or global scope 
for all C types. Symbols are RAM-resident for 
optimum performance. HyperSOURCE 
provides complete access to symbolic names, 
data types, functions, source statements, and 
source modules. The symbolic information can 
be used in any of the emulator’s commands. 


CONTACTS 


Microtek International 
Development Systems Division 
3300 NW 211th Terrace 
Hillsboro, OR 07124-7136 

Tel: (503) 645-7333 

Fax: (503) 629-8460 

For sales Information 

Tel: 1-800-886-7333 x1 


STANDARD FEATURES 
@ Multi-windowed C source level interface 


@ View code at the C source level, mixed 
mode or assembly 


@ Monitor variables throughout the debug 
session 


Direct access to the stack trace to monitor 
program flow 


Hosts SUPPORTED 
@ PC/AT/PS2 


SUPPORT 
@ Phone hotline 
@ Field applications support 


AVAILABILITY 
@ November 1991 
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OASYS Microsort Cross C 


DEVELOPMENT SYSTEM 


OASYS 


Hosted as across compiler on multiple non-MS- 
DOS systems, the Oasys Microsoft C Cross 
Compiler has been carefully constructed to offer 
the functionality of Microsoft C on an MS-DOS 
PC. The cross compiler has been repackaged 
to meet the demands of today’s developers in 
need of a high performance, low cost 
development compiler. This is ideal for large 
work groups of VAX or workstation users who 
can use the sophisticated UNIX or VMS 
development tools while developing for MS- 
DOS machines. 


This optimized 80x86 C cross compiler can be 
purchased separately or in conjunction with 
other members of the Oasys Microsoft Cross C 
Development System (which includes cross 
versions of Microsoft’s Macro Assembler and 
Linker, OASYS Link & Locate for Intel de- 
velopers, and the OASYS Microsoft Embedded 
Kit). 


Offering the functionality of the Microsoft tools 
on an MS-DOS PC, the Oasys Microsoft Cross 
Macro Assembler and Linker package comes 
complete with a Macro Assembler, Library 
Manager, and Cross Reference Utility. The 
Linker includes overlay capabilities and 
supports linking. 


CONTACTS 


Oasys 

One Cranberry Hill 
Lexington, MA 02173 
Attn: Ann M. Bischoff 
Tel: (617) 862-2002 
Fax: (617) 863-2633 


Each can be purchased separately or in 
conjunction with the other members of the 
Oasys Microsoft Cross C Development System 
(which includes the Oasys Microsoft Cross C 
Compiler, Macro Assembler, Linker, and MEk). 


Hosts SUPPORTED 

@ DEC VAX 

@ Sun-3, SPARC stations 

# HP 9000/3xx, 9000/4xx, 90000/8xx 
@ IBM RS/6000 


SUPPORT 


Complete documentation provided with 
product 


@ 30 days support included in purchase price 
of product 


@ Annual maintenance available 


¢ Support includes hotline support and 
software updates 


AVAILABILITY 
@ Immediate 
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—PICK/PLACE .EQUIPMENT. 


SUPPLIERS OF Pick/PLAcE EQUIPMENT 
WITH TAPEPa«AK TrRim/FoRM CAPABILITY 


AMISTAR HDQTR & WESTERN REGION 
237 Via Vera Cruz 

San Marcos, CA 92069 

Contact: Christine Brady 

Tel: (619) 471-1700 

Fax: (619) 471-9065 


FUJI AMERICA, INC. 

616 Heathrow Drive 
Lincolnshire, Illinois 60069 
Contact: Nick Kimura 

Tel: (708) 913-0162 

Fax: (708) 913-0186 


NSA (SANYO) 

460 E. Middlefield Road 
Mountain View, CA 94043 
Contact: Kazv Sekigawa 
Tel: (415) 969-1100 

Fax: (415) 969-7259 


PANASONIC 

1616 McCandless Drive 
Milpitas, CA 95035 
Contact: Mel Herrera 
Tel: (408) 945-5647 
Fax: (408) 946-3753 


PHILLIPS CORP. 

2975 Courtyards Drive 
Norcross, GA 30071 
Contact: Chris Kimberley 
Tel: (404) 368-4420 

Fax: (404) 368-4450 


SIEMENS ENERGY AND AUTOMATION 
Special Equipment Division 

2191 Laurelwood Road 

Santa Clara, CA 95054 

Contact: Nick Stukan 

Tel: (408) 980-4572 


TDK 

1600 Feehanville Dr. 
Mt. Prospect, IL 60056 
Contact: Jim Cordova 
Tel: (708) 390-4370 


UNIVERSAL INSTRUMENT CORP. 
P. O. Box 825 

Binghamton, NY 13902-0825 
Contact: Glenn Yeager 

Tel: (607) 779-5195 

Fax: (607) 772-1399 

Twx: (510-252-0154) 


ZEVATECH, INC. 

1580 Old Oakland Road 
Suite C-108 

San Jose, CA 95131 
Tel: (408) 453-1012 
Fax: (408) 453-8942 
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TAPEPAK TRIM/FORM_ FEEDERS 


SUPPLIERS OF TAPEPAK TrRim/Form FEEDERS 


FEEDER TYPES 

. Automated feed, single input tube 

. Single station, manual system 

. Automated feed, multi-tube input 

. Automated feed, multi-tube input, random access capability 

. Automated feed, multi-tube input, random access capability with two-step forming station 


aOhan— 


HI-REL ASSOCIATES, INC. (2) 
(formally Micro-Tech Industries) 
2330 Commerce Park Drive 
Palm Bay, FL 32905 

Tel: (407) 728-7852 

Fax: (407) 728-9444 


INTERCON TOOLS, INC. (5) 
280 Cochrane Circle 

Morgan Hill, CA 95037 
Contact: Heinz Thommen 
Tel: (408) 778-5992 

Fax: (408) 778-9557 


INTRA ENGINEERING (1, 2) 
3327 Edward Ave. 

Santa Clara, CA 95054 
Contact: John Charlebois 
Tel: (408) 496-0767 

Fax: (408) 496-0954 


KNIGHT TOOL SYSTEMS (2, 3) 
216 River St. 

Haberhill, Mass 01832 

Contact: Brian Prescott 

Tel: (508) 373-1807 

Fax: (508) 521-2105 


SEMATOOL (5) 

670 Nuttman St. #104 
Santa Clara, CA 95054 
Contact: E. C. Tan 

Tel: (408) 988-8551 
Fax: (408) 988-7599 
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SOLDERING TECHNOLOGY (2) 
555 W. Allen Ave., Suite 10 

San Dimas, CA 91773 

Contact: Randy Baumgarden 
Tel: (714) 592-5516 

Fax: (714) 592-6211 


TDK CORPORATION (3) 
1600 Feehanville Dr. 

Mt. Prospect, IL 60056 
Contact: Jim Cordova 
Tel: (708) 390-4370 

Fax: 03-278-5330 (Tokyo) 


TODDCO GENERAL (3,4) 
P. O. Box 261840 

San Diego, CA 92126 
Contact: Thomas W. Todd 
Tel: (619) 549-9229 


UNIVERSAL INSTRUMENT CORP. (4) 
P. O. Box 825 

Binghamton, NY 13902-0825 

Contact: Glenn Yeager 

Tel: (607) 779-5195 

Fax: (607) 772-1399 

Twx: (510) 252-0154 


Automated trim/form presentation stations can 
be added to pick/place systems for a cost 
ranging from ~$30k to $70k. Manual, stand- 
alone stations are available for ~$10k. 
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Columbus (Westerville) 00... eee ssssesescnecnes (614) 891-6455 
DA YOM iicsiecicatechcecsast ecevesnseteeasttesrstebeceedeeedentabtiocens (513) 439-0268 
OREGON sicies Sos esetteshensssusieetetdvoaieteetpdeuerenserei seals (503) 245-0080 
PENNSYLVANIA .......cccssssssscscrsessessseseecsersersnsonssees (215) 398-8006 
TEXAS, 
AUStiA ei scccessseciededscbsciaceclntenssvcsone cds Qesvesentstntiies (512) 346-7830 
Dalla is sivescisets esas badecvasteveleGiasesen cia Rnestaccdcetsietet (214) 934-9099 
HOUStON «. cceccsssetesacevelctassesdudealences caus ccesnetene even’ (713) 376-8084 
LTA Pia icck xe tlatisciny onli anuieunnerensiivea (801) 264-2900 
International __._—~—~_——SESS—S 
BELGIUM,Antwerpen ...... Tb essctiil ieisieeieetacshsstsats (03) 248 43 00 
BAX ivscstisivcsseieinceenete (03) 248 46 42 
FRANCE, Paris ....... cadets TEL... -(1) 49-75-10-10 
FAX .(1) 49-75-10-13 
TEX Socccsaseccivesasivatetonvedsatncceasses 263282F 
GERMANY, 
Bad Homburg .............. TEs. cciscles.hitssioad (49) 6172-24061 
BAX cs csitiveveteonscesec Gives (49) 6172-23195 
MUNCHEN ......cssseesseeeseeene TEL aaiehetuvensiiuat estore (089) 4114-0 
PAX ooisisceccssecetntseicesssecitey (089) 406490 
LL Gere err an erees 
HONG KONG), ........eeseeceeeee TE bis sieicte ct cessens racuestes (852) 865-4525 
Wanchai FAX vis iccscsteeicaeanirs (852) 865-1147 
TK ina 67955AMDAPHX 
ITALY, Milano... ee TE ie ceticcescesceccresersea fanits (02) 3390541 
icugabaseuasesed scizevars cmasihis (02) 3533241 
FAX i cscciciezcveceuecschosneeteotes (02) 3498000 
VEX NaRiaiciceelianiseccsenes 843-315286 
JAPAN, 
AtsSuglasieicdciccvctessacieh TE Livcscciesteettineteeitele (0462) 29-8460 
FAX: secs tovesscits ee vadicaeite.2 (0462) 29-8458 
Kanagawa ....... eee TE iistece de deecsencneae: (0462) 47-2911 
FAX essesstessutasectetiniseess (0462) 47-1729 





International (continued) 
Tokyo Ti lind iencsstaveheisiaee (03) 3346-7550 
ous aes (03) 3342-5196 

J24064AMDTKOJ 





OSaka cscictins is cetivts WB Lah acces fikieeestansenade (06) 243-3250 
wasdenstcdeQecaleascvecencass (06) 243-3253 
KOREA, Seoul 82) 2-784-7598 
82) 2-784-8014 

LATIN AMERICA, 

Ft. Lauderdale 0.00.0... TEL wc esse tereeeee 305) 484-8600 
FAX as. siscscundessssittecsoees 305) 485-9736 
af ces 5109554261 AMDFTL 

NORWAY, Oslo area....... Mee essa cide titessecaveseaseete 02) 53 13 24 

(Hévik ) FAX cc. sinsscvesdivess steovecnovsenss 02) 58 22 62 

WMS sae edeacastisvonnsdecersarvteatintevas 79079 
SINGAPORE ........ eee MBLs iswvccssteseeseaanteceenses (33) 3481188 
PAX secs ccccisasepstivacetivececeaee 65) 3480161 
TEX ie ecstieccaseestoedauienss 55650 AMDMMI 

SWEDEN, 
Stockholm area ........... (08) 98 61 80 
(Bromma) F (08) 98 09 06 
TAIWAN, Taipei ............... oe} 2-7153536 
F. 886) 2-7122183 


UNITED KINGDOM, 
Manchester area 







(0925) 828008 


(Warrington) 0925) 827693 
site 851-628524 

London area ................ (0483) 740440 
(Woking) (0483) 756196 
scsi tavbsceaciies cpenssiceadvaneiss 851-859103 


North American Representatives____ 
CANADA 


Burnaby, B.C. - DAVETEK ene socersseses (604) 430-3680 
Kanata, Ontario - VITEL ELECTRONIGCS........... 613) 592-0060 
Mississauga, Ontario - VITEL ELECTRONICS. 416) 676-9720 
Lachine, Quebec - VITEL ELECTRONICG......... (514) 636-5951 
ILLINOIS 

Skokie -INDUSTRIAL 

REPRESENTATIVES, INC oo... eccseseeceeteeeneve (708) 967-8430 
INDIANA 

Huntington - Aer fl ade MARKETING 

CONSULTAN C isictsevsvegucstegeatncnonsretaresies (317) 921-3450 

Indianapolis - ELECTRONIC MARKETING 
Pe LTANTS ING sacs cesciscsesccaczsscsseccsnccset cst (317) 921-3450 

LORENZ SALES ...0....eeccsessescssetenseeeeesoeeenseees (319) 377-4666 
KANSAS 

Merriam — LORENZ SALES . ue eeeeeeee (913) 469-1312 

Wichita — LORENZ SALES... esses cena (316) 721-0500 
KENTUCKY 

ELECTRONIC MARKETING 

CONSULTANTS, INC... eee csesseceeeeeeteesessenes (317) 921-3452 
MICHIGAN 

Birmingham - MIKE RAICK ASSOCIATES .....(313) 644-5040 

Holland ~ COM-TEK SALES, INC... 616) 392-7100 

Novi — COM-TEK SALES, INC woes (313) 227-0007 
MINNESOTA 

Mel Foster Tech. Sales, INC. wou. ee eeeeeees (612) 941-9790 
MISSOURI 

LORENZ SALES ooo eiicciiateststevenitiastareiss teenendscee (314) 997-4558 
NEBRASKA 

LORENZ SALES nsci.csceccceecteabiistieuttneel ana (402) 475-4660 
NEW MEXICO 

THORSON DESERT STATES ........ ee eeeeseeeee (505) 883-4343 
NEW YORK 

East Syracuse ~ NYCOM, INC oe (315) 437-8343 

Hauppauge - COMPONENT 

once ULTANTS, INC uu. eeceseesessseeeeteceenees (516) 273-5050 

Sveantervilld ~— DOLFUSS ROOT & CO............. 513) 433-6776 

Columbus — DOLFUSS ROOT & CO.............. 614) 885-4844 

Westlake - DOLFUSS ROOT & CO... 216) 899-9370 
OREGON 

ELECTRA dactene SALES, INC... (503) 643-5074 
PENNSYLVAN 

RUSSELL F CLARK CO.,ING. oon. eeeeteeeesees (412) 242-9500 
PUERTO RICO 

COMP REP ASSOC, INC ..... ce eeeeeeeeeeeneeaes (809) 746-6550 
WASHINGTON 

ELECTRA TECHNICAL SALES..............csesees (206) 821-7442 
WISCONSIN 

Brookfield-INDUSTRIAL 

REPRESENTATIVES, ING ..00.. eseceeeeeeeceeees (414) 789-9393 


Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance 
* characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, 
contact yourlocal AMD sales representative. The company assumes no responsibility for the use of any circuits described herein. 
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